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ABSTRACT
The purpose of this study was to investigate the concepts prevalent
among students in specific physical science related classes and to identify
what classroom teachers would do when confronted with this knowledge.
A 40 item instrument, Misconception Identification in Science
Questionnaire (MISQ), was developed to identify certain concepts in the
areas of force, heat, light, and electricity and administered to 509 students.
Interviews were conducted with a stratified sampling of 27 students to
validate the instrument. Six teachers were observed and interviewed to
determine teacher opinion relative to test usefulness, diagnostic testing in
general and other instructional factors.
Quantitative and qualitative means were utilized to determine test
reliability, validity, and usefulness. Item analysis was performed to
determine item discrimination ability, as well as test reliability. Students
were interviewed using the MISQ items and their oral responses were
compared to their answers given on the pen-and-paper test. Confidence and
sensibleness ratings were determined for each MISQ item utilizing
responses given on the written test.
The MISQ was analyzed and determined to have the ability to
discriminate among various ability groups and possesses both validity and
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reliability. Female elementary science methods and physics students
performed no better than the male physical science students on the MISQ.
In general male students scored higher than their female peers and viewed
their responses as more sensible and with more confidence. As age
decreased among the students tested with the MISQ the confidence and
sensibleness rating tended to decrease.
Analysis of teacher interviews revealed three uses of the MISQ
instrument in this study. The first of these was in the form of a general
informative nature. The second utilized selected items as integral parts of
the instructional process. The third used student responses as part of a
grouping strategy. Further analysis reveals that the limited use of the
MISQ may be due to several factors, both external and internal. External
factors include governmental control through curricular and text
requirements and societal control through future educational expectations.
Internal factors include teacher held concepts of learning in general and
specifically those regarding student behaviors used to identify learning.

XIV
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CHAPTER 1: INTRODUCTION
Science educators have expressed their concerns about misconceptions
within science as far back as the turn of the century (Conklin, 1919;
Caldwell & Lundeen, 1931; Garrett & Fisher, 1926; Handcock, 1940).
Even the term misconception was used by Handcock in his 1940 paper,
"An Evaluation of Certain Popular Science Misconceptions". However,
within the last 10-15 years research in science education has experienced a
revived interest in the ideas and beliefs of students involved in learning
science. The difference between the earlier studies and current research lies
within the concepts labeled as misconceptions. The studies reported by
Conklin (1919) and Handcock (1940) involve superstition, folklore, and
common health problems. Content-related misconceptions (e.g., force,
light, etc.) being studied today were not considered by these authors
(Trembath & Barufaldi, 1981). Both groups share an interest in beliefs that
differ from accepted scientific knowledge; however, their focus is in
somewhat different directions.
There are two possible reasons for this focal difference. One involves
the knowledge explosion and the effects this has had on the general
populace. The second reason centers around curricula changes that have
evolved out of scientific, political, and economic interactions. The time

1
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differential between scientific discovery and the technological application of
that discovery has decreased tremendously within this century. Because of
the ever increasing impact of science upon the general population,
educators today are more interested in what interpretations students give to
an observed phenomenon as compared to the accepted scientific
interpretation of the same phenomenon. A scientifically literate citizenry
cannot be expected to make informed decisions with regard to what is
observed if its members possess faulty information which inevitably leads
to tlie production of erroneous conclusions.
Theoretical Issues
The interest in how information is assimilated had its beginning with
several publications that appeared in the mid-1950’s and early 1960’s
(Shulman, 1981)(see Bruner, Goodnow, & Austin, 1956; Chomsky, 1957;
Miller, 1956; Miller, Galanter & Pribram, 1960; Newell, Shaw & Simon,
1958). The importance of prior knowledge has been stressed by many
psychologists and science educators and is exemplified in the learning
models put forth by those who believe that knowledge is a human
construction (see Glasersfeld, 1988). The basic premise here is that if
meaningful learning is to take place the most important factor is to
determine what knowledge or skills the learner already possesses and then

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

3
develop the teaching strategy from this point (Ausubel, 1968; Driver, 1980;
Gagne & White, 1978; Wittrock, 1974). Constructivist based research is
not only directed toward identifying the existence of prior knowledge, but
also attempts to understand how the learner formulates knowledge, how
knowledge is stored, and how prior knowledge is integrated with new
incoming information. Misconceptions research has shed much light on
how prior knowledge affects learning new concepts.
There is a great deal of evidence to indicate that misconceptions are
both pervasive and persistent. "Alternate frameworks" (Driver, 1981) are
formed even before formal study and are significantly different from the
concepts students are taught. They appear to be consistent across
populations regardless of age, ability, or nationality and are resistant to
change by traditional methods of instruction such as didactic forms of
teaching (Champagne, Gunstone, & Klopfer, 1983).
Holland, Holyoak, Nisbett, and Thagard (1985) hold that our
processing system is directed by problem-solving activity and based on
feedback regarding the success or failure of predictions generated by the
system. This rule-based model holds that rules are generated which
correspond to a specific or general type of phenomenon. For the rule to be
applied to the phenomenon, the phenomenon must be encoded in such a
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4
way that when experienced the resulting categories call up the rule. It can
be shown that the rules people use to model the physical world are
erroneous (Holland et al., 1985). According to Holland et al. (1985) this is
due in part to limitations on the encoding mechanisms that people use for
understanding the world. These limitations are primarily perceptual,
especially in the case of the physical world. Part of the problem is that
content is usually hierarchical and is based on the assumption that prior
knowledge facilitates further learning (see Gagne, 1968; Ausubel, 1968).
Misconceptions research accentuates the important role prior knowledge
plays in learning, even though the concept learned is just as likely to be
inconsistent with scientific thought as it is to be in agreement. Prior
knowledge coupled with one’s encoding mechanisms has strong
implications for WHAT, WHEN and HOW we teach.
Holland et al. (1985) view education as a mechanism by which new
rules for understanding the world are introduced. These new rules do not
replace the old rules, but rather enter into competition with them. This
concept is different from the hierarchical models, whereby, prior knowledge
is viewed as merely a starting place from where instruction should begin.
Findings show that people tend to distort the new rules in the direction of
the old ones, or they ignore them entirely except in the highly specific
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domains in which they were taught. In other words, the new concept that
is introduced in the physics class may be accepted and/or used only when
the student is in the classroom but not outside the classroom. Research has
shown that the intuitive physics of a large portion of the general public is
Aristotelian in nature (see di Sessa, 1982; Kaiser, McCloskey, & Proffitt,
1986; McCloskey & Kaiser, 1984; Siegler, 1983a; Champagne, Klopfer, &
Anderson 1980).
The central concept of intuitive physics is that of impetus.
Intuitive physics holds that when an object is set in motion, for
example by someone’s pushing it or throwing it, an impetus is
imparted to it that serves to keep it moving for some time after
it was in contact with the mover. The impetus dissipates
steadily, however, and the object correspondingly slows to a stop
(Holland et al., 1985, p. 207).
Erroneous theories of this nature are not innate but must be learned.
Through experiencing the physical world the system is able to draw upon
these experiences and make generalizations. It is when over-generalization
occurs that error develops. These general rules enter into competition with
more specific rules, and in certain situations (e.g., domain specific) where
sifong specific rules exist, tlie specific rules will often win out. If,
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however, there are no specific rules that can be applied or if the specific
rules are sufficiently weak the general rule will dominate, possible resulting
in an erroneous prediction or explanation (Holland et al., 1985). For
example, if older subjects are shown a curved tube from which a projectile
will be emitted and are asked to indicate the path the projectile will take,
their response will depend upon the nature of the projectile. If the
projectile is water they will indicate a straight path and if the projectile is a
ball they tend to trace a curved path. It would be safe to assume that all
children have experienced water being projected from a garden hose;
however, probably few if any have ever experienced a situation involving a
ball being ejected from a curved tube (Holland et al., 1985). Not having a
specific rule to draw upon results in the necessity to generalize about the
ball (e.g., the impetus theory) producing the erroneous conclusion. It is
Siegler’s (1983a, 1983b) belief that in some situations the less cognitively
mature students will learn more from instruction than more mature students
because there is less interference from past experiences.
For many teachers the educational process is viewed as primarily
passive learning. However, in many instances, especially in the sciences,
what is actually involved is an attempt to modify the beliefs of students,
which is not the task we believe we are involved in. Induction theory
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7
(Holland et al., 1985) and misconceptions research imply the need of a
strong directive toward more thorough teacher preparation at both the
elementary and secondary levels, especially in science education. The
teacher’s understanding of rule competition, confirmation bias (Tweney et
al., 1980), and encoding errors (i.e., understanding how students process
information) is extremely important if teacher guidance is to be effective.
Knowing that the younger child probably possesses fewer rules that would
interfere with those proposed by the teacher, also indicates the need for
increased exposure to scientific concepts by qualified teachers at the
elementary level. More attention needs to be directed toward determining
at what age misconceptions begin to develop. If these concepts could be
addressed before being incorrectly encoded then direct instruction could
possibly prevent their formation.
Justification for this Study
Identifying and understanding what misconceptions do exist among
children, as well as adults, has been an important first step. If education is
to benefit from this research the knowledge we have already gleaned must
be used to develop proper instmctional strategies to alter or prevent the
formation of these misconceptions. However, before any type of
pedagogical procedure can be implemented the teacher/researcher must
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assess what ideas or beliefs exist within the class (Doran, 1972; Fisher &
Lipson, 1986; Griffiths & Grant, 1985; Handcock, 1940; Helgeson &
Blosser, 1977; Hesse, 1989; Shuell, 1987; Zietsman & Hewson, 1986).
Hesse (1989) points out that diagnosis is necessary to reduce the potential
for drawing erroneous conclusions about why students fail to perform as
expected. As Doran (1972) indicates,
while most evaluation in science is concerned with how much various
students or groups of students have accomplished with respect to
selected content, . . . we might also be concerned with what the
students might not have attained and why not. This kind of diagnostic
evaluation could be an integral part of science instruction (p. 136).
Several different procedures have been utilized by researchers to
identify misconceptions possessed by test subjects. The instruments used
can be placed into five general categories: (1) questionnaires (Goldsmith,
1978; Lederman & Zeidle, 1987; Rubba, Homer & Smith, 1981), (2)
analysis of national standardized tests (Doran, 1972; Lawrenz, 1986), (3)
pen-and-paper instruments (Fisher, 1985; Helgeson & Blosser, 1977; Koch,
1986; Treagust & Haslan, 1986; Trowbridge & Mintzes, 1988; Wheeler &
Kass, 1978), (4) interview techniques (Osborne & Freyberg, 1985; White,
1985). and (5) interview with pen-and-paper instruments (Koch, 1986;
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Osborne & Freyberg, 1985; Peterson, Treagust, & Garnett, 1989; Treagust
& Haslan, 1986).
The interview has been the most productive technique used by
researchers. This method, as well as many of the other techniques
previously mentioned, are not likely to be used in the science classroom
because of the fact that many science teachers lack adequate training in
collecting and interpreting data obtained with most of these methods
(Fensham, Garrard, & West, 1981). In addition many of these methods
would not be practical for the classroom teacher (Tobin & Capic, 1980),
especially with student enrollments of 20-30 students per class. Teachers
generally avoid anything that will add to their already heavy work load.
Using the interview method prior to instruction is too time consuming and
using class discussion as a diagnostic tool may be hindered by peer
pressure. Therefore, instrumentation is needed that will enable teachers to
diagnose their class far enough in advance to utilize the information for
planning instructional strategies. This instrument should permit those
attempting to institute changes to quickly assess what effect their changes
may have produced. Proper instrumentation will help facilitate a better
understanding of student-held concepts which should provide more
direction toward develonine wavs to alter misconcentions. After all. of
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what benefit to education is knowing of the existence of misconceptions if
this knowledge is not put to practical use? One way to bridge this gap is to
involve classroom teachers in doing research. One way to help ensure this
involvement is to introduce teachers to instrumentation that exhibits
convenience and usefulness to both themselves and their students.
Purpose of the Study
A rather large and useful body of knowledge has been acquired
pertaining to certain misconceptions (Osborne and Freyberg, 1985; Driver,
Guesne, & Tiberghien, 1985), especially in the physical sciences. The
purpose of this study was to go beyond the general identification of physics
misconceptions for individuals and investigate the conceptions prevalent
among students in specific classes of physics, physical science, and
elementary science teaching methods. Although much effort has gone into
identifying these misconceptions, there does not exist any teacher-friendly
instrumentation which delivers adequate information about students’ views
on these basic concepts. One aspect of this study was to develop an
instrument that could be used by a classroom teacher which would be easy
to administer, easy to score, and allow those ideas prevalent within the
science class to be easily ascertained. An instrument was developed
utilizing the two-tier multiple choice format as presented by Peterson,
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Treagust, and Garnett (1989), Treagust and Haslan (1986), and Tobin and
Capie (1980). Each item was developed utilizing information reported in
the literature on student-held misconceptions in the following areas: (1)
force and motion, (2) heat and temperature, (3) light and color, and (4)
electricity and magnetism. These eight concepts were chosen because they
are central to all basic physics/physical science courses.
The next aspect of the study was to identify the concepts held by
students within different physics, physical science, and elementary science
methods classes to determine how students of different ages, abilities, and
experiences would respond to the same inquiries of specific concepts. The
usefulness of the instrument would be greatly enhanced if it could be
applied to cross-aged samples of students. This is especially true since the
concepts contained in the instrument are intuitive in nature and are
presented to students very early in the educational process. This study also
attempted to ascertain how the instrument would be utilized by physics and
physical science teachers of the classes tested. Teacher use of the
information obtained with the diagnostic instrument to alter their
instructional strategies would support the assumption that being aware of
students’ prior knowledge influences instruction. In addition, teacher
suggestions were solicited to determine how the instrument might be
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improved to make it more attractive to the classroom teacher.
The information obtained through this study will benefit not only
classroom teachers but curriculum developers and researchers as well. Any
science teachers interested in improving their teaching skills and strategies
would greatly benefit from knowing the concepts held by their students
prior to and after instruction. Cross-aged studies of student misconceptions
would lend themselves to improving the science curriculum by indicating
where longitudinal approaches are needed. The development of
instructional strategies that can alleviate these misconceptions will greatly
aid in producing citizens who are scientifically literate.
Research Questions
Two research questions were examined:
(1) Can a two-tier multiple-choice diagnostic instrument be
developed that will give a reliable and valid indication of certain
physics-related misconceptions held by individuals compared to
the interview method of data collection?
(2) How will physics/physical science teachers use the
Misconceptions Identification in Science Questionnaire (MISQ)?
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Definition
Fisher and Lipson (1982) define a misconception in the following
manner:
A ’misconception’ is an error of translation (transformation,
correspondence, interpolation, interpretation) between two
different kinds of information, that causes a student to have
incorrect expectations. The kinds of information systems
include, but are not limited to: words, tangible things, real world
events, non-verbal forms of notation, mental constructs, pictures,
and tangible models, (p. 4-5)
When a student observes some phenomenon the information obtained by
way of the observation must be integrated with any previous knowledge
already possessed by the student. Therefore, any information processing
error that arises can result in a misconception. The misconception may or
may not result in error production for specific situations, but will generally
not hold up to extensive scrutiny.
Organization of the Chapters
The remainder of the chapters are organized in the following maimer.
The second chapter provides a review of the literature establishing the
theoretical and methodological framework for this study. Included also is a
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knowledge base of misconceptions within the areas of force and motion,
heat and temperature, light and color, and electricity and magnetism. The
third chapter provides a discussion of the methodology of the study.
Included is a description of the design, instrument development,
instruments, subjects, and procedures. The fourth chapter provides the
results of the study. The fifth chapter provides a summaiy of the results,
conclusions, limitations of the study, implications, and recommendations for
future research.
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CHAPTER 2: LITERATURE REVIEW
Research in science education has, within the last two decades, focused
primarily on issues related to the learning and understanding of scientific
concepts. This interest has been the result of the merger of two trends in
education and psychology (Shulman, 1981; West & Pines, 1985). "These
are (a) the dramatic shift to cognitive psychology with its interest in the
leamer-in-the-process-of-leaming, and (b) the methodological shift towards
qualitative studies" (West & Pines, 1985, p. 1). Research within cognitive
psychology has tended to portray the learner as having a more active role
and possessing more influence over the learning process. This area of
research has been significantly influenced by the learning theories of Jean
Piaget (Piaget, 1964; Piaget & Inhelder, 1969; Furth, 1981) and others
operating under the theory of constructivism. This is especially true of the
research on student learning in science education.
Constructivism is attributed largely to Piaget, even though many of the
same philosophical points were discussed in a 17th century treatise written
by Giambattista Vico (von Glasersfeld, 1988). For the constructivist
"knowledge refers to conceptual structures that epistemic agents, given the
range of present experience within their tradition of thought and language,
consider viable (Glasersfeld, 1988, p.3). The central premise is that all
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knowledge is a human construction. Therefore, how we develop the
knowledge that equips us with the ability to deal with daily challenges is of
interest to constructivists. This knowledge does not represent the real
world, but is a group of conceptual structures that are practical for
individuals relative to their own personal experiences. Knowledge is
considered practical when these cognitive structures repeatedly produce
consistent results void of inconsistencies. Piaget’s scheme theory describes
this situation as a state of equilibrium for the learner (Piaget, 1964; Piaget
& Inhelder, 1969; Glasersfeld, 1988).
Ausubel (Ausubel, 1963; Ausubel, Novak, & Hanesian, 1968; Dembo,
1981) advocates the use of expository teaching and its correlative, reception
learning, whereby all the information to be learned is presented to the
learner in its final form. The learning process must be perceived to be
meaningful by the learner if the learner is to benefit from the experience.
According to Ausubel, Novak, and Hanesian (1977), "the essence of the
meaningful learning process is that symbolically expressed ideas are related
in a nonarbitrary and substantive (nonverbatim) fashion to what the learner
already knows" (p. 41). Therefore it becomes necessary to ascertain the
student’s prior knowledge before appropriate (meaningful) instruction can
be developed.
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Wittrock (1974) believes that learners must actively construct or
generate meaning for themselves utilizing their own sensory input.

"The

Generative Learning Model," (Osborne & Freyberg, 1985; Osborne &
Wittrock, 1983) describes the brain as a mechanism for processing
information. Within this model the learner takes in information through the
senses, and the information to be processed is selected based on how
important the incoming information is perceived to be. The new
information is linked to existing information that is considered relevant by
the learner. The new and existing information may undergo total
restructuring or the new information may simply be incoiporated alongside
the old. The learner then places some status on the new construction which
will affect its availability for future use. This model also holds that new
and existing ideas may be held simultaneously, with one idea eventually
dominating over time due to such factors, as "intelligibility, plausibility, and
usefulness, as well as a multitude of less rational and conscious thoughts"
(Osborne & Freyberg, 1985, p. 83).
Induction theory (Holland, Holyoak, Nisbett, & Thagard, 1985)
describes a learning model that is veiy similar to the generative model and
falls within the constructivist framework. As stated in Chapter 1 this
theory describes a processing system that is directed by problem-solving
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activity and is based on feedback regarding the success or failure of
predictions generated by the system. The currently active goals of the
system are linked with the system’s knowledge bank to generate plans and
predictions about the behavior of the environment. Information generated
about the predictive successes and failures that occur triggers specific types
of inductive changes in the knowledge bank. Instead of a random
searching, this cognitive system is able to direct its inductions according to
its current problem situations, generating rules useful to it at the moment
and possibly useful in the future. Within this model rule production is
failure driven. Rules are maintained and new rules are not produced unless
the currently held rule fails in some way. As the situation that produced
the failure persists, the old rule becomes weakened and the new rule gains
in strength until totally dominant.
One common element that is characteristic of each of the learning
models described here is that new information is incorporated into an
existing knowledge structure. How the information is processed by the
learner depends greatly on the learner’s prior knowledge and how the
knowledge has been organized. The interaction between existing
knowledge structures and new conceptions has been described as the
development of a conceptual framework, which for Hoz (1983) is a system

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

19
of interrelated concepts, propositions and procedures in a knowledge
domain. To insure that this process will occur Posner, Strike, Hewson, and
Gertzog (1982) believe that certain stipulations must be met. These are:
1. The learner must feel dissatisfied with the existing concept.
2. The new idea or concept must appear to be coherent and therefore
intelligible to the learner.
3. The new concept must be reconcilable with other views possessed
by the learner.
4. The new concept must be viewed as preferable to the old viewpoint
in terms of its usefulness.
Osborne and Freyberg (1985) believe that children will also be more
likely to accept the new idea if the new idea is perceived as acceptable to
the learner’s peers. Hewson (1981) points out that any change from one
point of view to another is a gradual process and requires more time than is
often allotted for in the curriculum. Osbome and Freyberg (1985) believe
that the scientific concepts presented in the science classroom do not meet
the above criteria because students often view their own ideas as more
intelligible, plausible and useful than the scientific concepts presented to
them. Therefore, the learner has three options available when presented
with some new idea (a) accept the new idea as is, or in some altered form.
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(b) reject the new idea aU together, or (c) rote memorize the idea for
temporary use (Hewson, 1981). According to Osbome and Freyberg (1985)
research on the nature of children’s ideas has produced three general
findings. These can be described as follows;
1. From a young age and prior to any teaching and learning of
formal science, children develop meanings for many words used in
science teaching and views of the world which relate to ideas
taught in science.
2. Children’s ideas are usually strongly held, even if not well
known to teachers, and are often significantly different than the
views of scientists.
3. These ideas are sensible and coherent views from the children’s
point of view, and they often remain uninfluenced or can be
influenced in unanticipated ways by science teaching (p. 12).
Therefore, the major emphasis of these concept-learning theories is that the
learner integrates to some degree any new knowledge with the knowledge
structure they already possess. In some situations the process of integrating
the new information into the pre-existing knowledge structure results in the
production of a concept that differs from the scientific point of view
(junver, ly ô i; reterson, ivoo;.
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The constructivist notion that knowledge must be viable and useful in
making predictions is also important when considering social interactions
between knowledge producing individuals. According to von Glasersfeld
(1988), the
notion that we impute the cognitive capabilities we isolate in
ourselves to our conspecifics, leads to an explanation of why it
means so much to us to have our experiential reality confirmed by
others. The use of a scheme always involves the expectation of a
more or less specific result. On the level of reflective abstraction,
the expectation can be turned into a prediction. If we impute
planning and foresight to others, this means that we also impute to
them some of the schemes that have worked well for ourselves.
Then, if a particular prediction we have made concerning an action
or reaction of an other turns out to be corroborated by what the
other does, this adds a second level of viability to our scheme; and
this second level of viability strengthens the experiential reality we
have constructed (p.9).
This is especially true within the realm of education, if one believes the
actions of the teacher should be directed toward changing the cognitive
structures of students. This point is argued even more stringently by
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science educators involved in misconceptions research (Driver, 1988;
Osbome & Freyberg, 1985).
Von Glasersfeld’s (1988, p. 9) statement implies a serious oversight
within science education relative to implementing research based changes in
science instruction at the classroom level. Within the science classroom
generally the teacher presents certain concepts using methods that can range
from a straight didactic approach to one of pine inquiry. Following a time
of instruction, students are tested in an objective manner to determine their
level of understanding of the concepts presented. If the students produce
the proper responses to the test questions, then the method of instmction is
perceived by the teacher, as well as the students, to be successful. This is a
behaviorist approach to teaching and makes no provision for what
constructivists call understanding (von Glasersfeld, 1988).

This problem is

compounded if the teacher’s epistemological view is founded on positivism,
where knowledge is understood to exist in the world and is confirmed or
disproved by empirically based research. Therefore, curriculum is viewed
as a body of knowledge or skills to be imparted to students. The teachers’
concerns are directed more toward the accuracy of the scientific
information and less, if at all, toward the impact of their curricular
interpretations (Benson, 1989).
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Instruction designed to elicit from students behavioral responses
considered by the teacher to be appropriate is a scheme repeated throughout
the school year in most science classrooms reinforcing the perceived
success of this method. Unless teachers come to acknowledge that their
methods are unsuccessful in altering the cognitive structures of their
students, instructional changes are less likely to occur. However, the
teacher is not likely to consider an alternate course of action unless
something goes wrong during instruction (Shavelson and Stem, 1981).
Teacher-based Research
A considerable body of research exists on teacher thinking and decision
making relative to instruction (Aikenhead, 1984; Clark, 1988; Duschl &
Wright, 1989; Shavelson & Stem, 1981). Duschl and Wright (1989)
indicate that most of this research has centered around elementary selfcontained classrooms and examines certain variables that affect pedagogical
decisions and behaviors. Clark (1988) reports that research on teacher
thinking shows "that teachers develop and hold implicit theories about their
students, about the subject matter that they teach, and about their roles and
responsibilities and how they should act" (p. 6). Even though these
theories are not well developed, they seem to play an important role in the
decisions teachers make everyday. These implicit theories are
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characteristically similar to student-held misconceptions.
Both are robust, idiosyncratic, sensitive to the particular
experiences of the holder, incomplete, familiar, and sufficiently
pragmatic to have gotten the teacher or student to where they are
today . . . . [Both] affect perception, inteipretation, and judgment
and therefore have potentially important consequences in what
teachers and students do and say. (Clark, 1988, p. 7)
One obvious flaw within this scheme is that the student evaluation
instruments utilized by many teachers fail to detect the concepts actually
held by students. If student evaluation does not provide some indication
that the method of instruction has failed, then teachers are less likely to
change the way they teach. Therefore improved methods of determining
students’ understanding is necessary if science education is to improve
(Hewitt, 1983; Brouwer, 1984).
Most teachers are trained to plan instruction using a standard model,
such as stating in behavioral terms the objectives to be achieved,
identifying the initial knowledge and skills needed by students, developing
or selecting the proper activities to help students achieve the objectives, and
evaluating the learning outcomes to help in future planning. However,
most of the research on teacher planning indicates that teachers focus
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primarily on "tasks" which include concerns about content, activities,
students, goals and the class as a whole (Shavelson & Stem, 1981).
Research also suggests that teachers seldom follow the prescribed model
presented in methods courses. They tend to treat the instructional activities
and not the behavioral objectives as the basic unit of planning (Duschl &
Wright, 1989).
Teachers’ thinking and behaviors are guided by a set of heuristics
(Benson, 1989; Clark, 1988) based on their experience with the
environment, their existing ideas which are used to model new situations
and from culturally related beliefs (Head, 1985). Shavelson and Stem
(1981) indicate that teachers create their own reality by selecting only
certain elements of the total environment. Since these models of reality
affect teacher judgments or decisions, it is necessary to identify and
examine those elements to determine their effect on teachers’ pedagogical
decisions (Duschl & Wright, 1989). Benson (1989) examined perceived
situational constraints used by teachers to justify the curriculum employed
during instmctional time. He divided these constraints into four categories:
(a) governmental control (using state mandated curriculum guides and
textbooks); (b) institutional control (career advancement based on student
achievement); (c) societal control (preparing students for the next level of
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education); and, (d) moral and religious teachings (presenting a vitalistic
view of biology). Benson (1989) suggests the existence of "strong
relationships among views of knowledge, situational constraints and
interpretations of curriculum, [which results in the reduction of] curriculum
to a common level in which objective knowledge is reified and the
presentation of it is justified externally" (p.343).
Research also indicates that teachers do consider student-level
information when planning instruction; however, this information is usually
related to student ability and not student knowledge of subject matter
(Shavelson & Stem, 1981). Aikenhead (1984) reported the use of
postinstructional testing by a teacher trying a new teaching technique. The
results of the test were such that the teacher decided to change his teaching
strategy for the next unit. Hesse (1989) describes a situation in which his
students were asked to provide written explanations of three chemical
phenomena following instruction on a related unit. Analysis revealed the
existence of misconceptions and compelled Hesse to alter his approach for
future lessons. Other methods (described later in this chapter), such as
concept mapping have also been used, but again the information obtained
was used to alter future instruction or were techniques used by researchers
rather than teachers. Yeany and Miller (1983) found in a meta-analysis of
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47 studies that diagnosis of achievement of stated objectives had more
effect on science achievement than remediation, whereas Zietsman and
Hewson (1986) obtained the opposite result. Again, these are strategies
used by researchers and not classroom teachers. No research could be
found relative to teacher use of preinstructional diagnostic testing in
planning instruction.
Instructional Strategies
Using teaching strategies, such as expository, demonstration (Muiphy,
1974), analogies (Brown & Clement, 1987; Clement & Brown, 1984),
questioning-discussion, and problem solving often provide limited success
in producing conceptual change within students (Berg & Brouwer, 1991).
The use of computers, especially computer simulations as a tool in altering
misconceptions, has been reported by Baird (1988), Barclay (1986), and
Zietsman and Hewson (1986). In addition, Murray, Schultz, Brown, and
Clement (1987) report some success with altering misconceptions by using
an analogy-based computer tutor. However, Rastovac and Slavsky (1986)
claim to have successfully altered misconceptions using paradoxes as an
instructional strategy. On the other hand, Anderson and Smith (1983) have
directed their efforts toward developing transparencies that address specific
misconceptions on light.
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Although some teachers have experienced difficulties in teaching
certain basic concepts, they appear to be virtually unaware of the research
into conceptual change and of the strength with which students hold on to
their own conceptions (Berg & Brouwer, 1991), and fail to induce
conceptual change within their students (Anderson & Smith, 1985). As
Clark (1988) indicates,
a great deal of teachers’ planning energy goes into trying to predict
and anticipate potential problems, to guess and estimate what
students already know and how they might respond, and to forming
plans and routines that are robust to the interruptions and
distractions that assault most teachers most of the time. (p. 9)
Based on available research it appears that most teachers base
curricular/instructional decisions on prior-year experiences. Teachers’ lack
of awareness of misconceptions may be due in part to the unavailability of
diagnostic instruments that identify student-held concepts rather than factual
knowledge.
[Other] researchers have also called for the development of
evaluation procedures that identify whether or not students have
acquired the desired conceptions (Hewitt, 1983; Brouwer, 1984). It
is clear . . . that students can be successful on knowledge-based
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questions or numerical problem solving without having integrated
the desired scientific conception into their conceptual structure.
(Berg & Brouwer, 1991, p. 12-13)
Misconceptions
The ideas that children possess which seem to run counter to those
of the scientific community have been categorized in many ways. Some
of the terms used to describe the alternate views include "alternate
frameworks" (Driver, 1981, 1983; Driver and Easley, 1978; McClelland,
1984), "naive theories" (Champagne & Klopfer, 1984), "children’s
science" (Gilbert, Osbome, & Fensham, 1982), preconceptions (Driver &
Easley, 1978; Novak, 1977), "misconceptions" (Driver & Easley, 1978;
Hoz, 1983; Ralya & Ralya, 1938, 1941; Salt, 1938), and "popular errors"
(classification code used by some data banks).
Alternate Frameworks
Driver and Easley (1978) have defined alternate framework as a
person’s imaginative efforts to describe and explain their physical world
prior to instruction. The term "framework" refers to the "organization of
ideas and the relationship between them", whereas the word "alternate"
emphasizes "the difference between childrens’ ideas and accepted
scientific theory" (Driver, Guesne & Tiberghien, 1985, p. 8-9). For
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example, instead of using Newtonian ideas about force and motion to
explain free falling bodies pupils tend to employ intuitive ideas which are
characteristic of an Aristotelian way of thinking. In explaining why two
objects of differing masses will fall at the same rate, students will often
state that the force of gravity is the same for both objects, not that the
objects are accelerating at the same rate due to different amounts of force
acting upon each object. Nussbaum (in Driver, Guesne, & Tiberghien,
1985) indicates that non-causal factors that may create force and motion
are common features of alternative frameworks. These factors are found
within the following notions:
1. Non-living objects are often described using animal
characteristics.
2. Every substance has a tendency to move towards its natural
place.
3. Any vacuum produced in nature will be filled by nearby
substances being sucked into the vacuum. Notions such as these were
prevalent among theoreticians of the past who used their intuition as the
basis upon which they built their theories.
Children’s Science
Children’s science has been defined as the way children interpret
observable phenomena and the meanings they develop through these
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everyday experiences. The ideas children possess are often developed
prior to formal science instruction. Osbome, Bell, and Gilbert (1983)
identify three ways children’s science differs from the views held by
scientists.
1. Children have difficulty with abstract reasoning and therefore tend to
view everyday situations from a human centered or self-centered point of
view.
2. Children are interested in explanations of specific events and do not
attempt to develop coherent non-contradictory explanations.
3. The eveiyday language used by children is often different from the
technical language used by scientists, even though the words are the
same. Holland et al. (1985) have noted that when children offer
explanations they tend to overgeneralize in those instances where specific
explanations or rules fail to apply. Osbome, Bell, and Gilbert (1983)
have illustrated the variation in language usage by describing a situation
in which children may develop the view that an animal is a four legged,
land-roaming creature that is taken to the veterinarian. When informed
that an ant is an insect the child’s view of animal may be reinforced,
while at the same time producing the idea that an ant is not an animal.
To put it succinctly, the child’s definition of animal differs greatly from
that used by the scientist.
Preconceptions and Naive Theories
The terms "preconceptions" and "naive theories" are closely related
and apply to those ideas which are simpler, less mature and less
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developed than a concept. According to this mode of thought the
difference between a conception and a preconception/naive theory lies in
the degree of information represented by those attributes common to both
ideas (Driver & Easley, 1978; Gilbert & Watts, 1983). According to
Champagne and Klopfer,
Research ... has yielded persuasive evidence that students,
young and old, have descriptive and explanatory systems for
scientific phenomena before they experience any formal
science instruction. These naive theories differ significantly
from what students are expected to learn in their study of
science, and these theories persist in the minds of students
even after they have successfully completed science courses
taught by the customary instructional methods (in Holdzkom &
Lutz, 1985, p. 181).
Children know from experience that batteries run down with use.
Therefore, their explanation of this occurrence as being a result of using
up the electricity contained in the battery can be linked to not
understanding how the internal parts of a battery work. In another
example, Ausubel (1968) identifies a lack of knowledge about the
circulatory system as the reason some children view the skin as a sack
filled with blood which when punctured results in bleeding. Other
studies have shown how the belief of children, that heavier objects fall
faster than lighter objects, may persist even after studying physics for two
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years (Champagne, Klopfer & Anderson, 1980; Champagne, Klopfer,
Solomon, & Cahn, 1980).
Misconceptions
One of the earliest studies incorporating the term misconception
involved the testing of 130 female, pre-service elementary teachers
utilizing a 200 item true-false test covering six topics from the physical
and biological sciences to superstitions (Ralya & Ralya, 1938). More
recently the term, misconception, is often used in studies where students
have been exposed to a scientific model or theory and have incoiporated
the information incorrectly into their conceptual framework (Driver &
Easley, 1978; Peterson, 1986). Studies of chemical misconceptions by
Novic and Menis (1976) and by Peterson (1986) examined erroneous
ideas that developed after formal instruction. This conservative definition
may be appropriate to chemistry and other highly technical content areas,
but only because exposure to concepts like the "mole" would not likely
occur outside the classroom. This would not be the case with a concept
such as motion. Students experience this phenomenon every day of their
lives and have developed ideas regarding motion even before formal
instruction. Fisher’s and Lipsom’s (1982) definition of a misconception
is less restrictive. For them misconceptions are errors that result during
the interaction of two different kinds of information producing inconect
expectations. The interaction must occur for there to be a misconception.
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Whether the occurrence happens within or outside the classroom is really
irrelevant since the participants are probably unaware of the interaction.
However, much confusion still exists in some instances over what
qualifies a student-held concept as a misconception. There is still some
debate as to the meaning of terms, such as "altemate framework",
"misconception", etc. These terms are often used synonymously
throughout the literature in studies that examine student held-concepts.
This confusion is likely to persist until a better understanding is attained
of how we process information.
Detection Methods
According to Driver and Easley (1978) research on students’
understanding of science concepts may be categorized as either
comparative or non-comparative studies. If the student-held concept is
compared to the scientifically accepted concept then the study would be
labeled comparative. Non-comparative studies, however, attempt to probe
and analyze the ideas of students without measuring them up against
some organized definition. This method has been used in studies on
electric current, force and light (Osbome & Freyberg, 1985; Osborne &
Gilbert, 1980). For example, Osbome has asked children to respond to
the question, "Where does the electric current which goes into a lamp go
to?" Student responses to this question include the following:
"It goes back to the power source." (12 year old)
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"It is used up." (12 year old student)
"It goes out as energy in the light." (16 year old) (Osbome &
Freyberg, 1985, p. 21)
Comments such as these provide information on student-held ideas
without comparing the students’ view with the scientific view to establish
a degree-of-correctness. Osbome and Gilbert (1979) believe that much
more information can be obtained using the non-comparative method than
by asking students to state a definition. This procedure allows
information to be gathered from subjects of any age without any
significant changes to the interview (Peterson, 1986). Gilbert, Watts, and
Osbome (in West & Pines, 1985) describe the Interview-About-Instances
technique which is a blend of both the comparative and non-comparative
methods. The non-comparative aspect of this technique involves
documenting ^ of the responses given by the student regarding a
particular topic. This includes anything that might give added meaning to
the statements, such as gesture, pauses, and voice inflection. The
comparative component consists of classifying the student responses as
correct or incorrect by comparing the student’s answers with the
scientifically accepted understanding of the concept.
The various procedures which have been utilized by researchers to
explore concepts held by selected subjects employ either the comparative
or non-comparative method of analysis. These procedures include a)
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mapping techniques, b) pen-and-paper instruments, c) interview
techniques, d) word connection instruments, and e) interviews with penand-paper tests. In an attempt to identify the many techniques used to
measure conceptual understanding as either comparative or non
comparative, Gilbert and Osbome (cited in Peterson, 1986) have labeled
pen-and-pap>er tests and word connection techniques as comparative and
interview methods as non-comparative. Peterson (1986) cautions against
dichotomizing as, "it is important to establish the criteria used in
individual studies using these techniques before deciding whether they are
comparative or non-comparative or a blend of both approaches" (p. 21).
Mapping Techniques
Mapping techniques include tree constmction diagrams, Venn
diagrams, concept maps, and bur models. These techniques are designed
to measure students’ cognitive structures of selected concepts by allowing
the student to draw some type of diagram showing how certain concepts
are linked together.
Tree Construction Diagram
A tree constmction diagram (Figure 2.1) is a linkage of related
terms, whereby students are given a list of concepts from which they pick
the two most closely related concepts and link them together with a line.
The lines are generally numbered and a description of the relationship
between the two terms is given providing additional information on
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Conosive

2
Base------------- Acid
1

pH-

4
-Allali----------------- Neutralization

:

6

Indicator-

-Water
7
8
Proton---------------Hydrogen
^

Figure 2.1. A student drawn tree diagram demonstrating the
interrelationship of 10 concepts from the topic, acids and
bases (adapted from Matthews. Brook & Khan-Gandupur,
1984).
student understanding of the topic. This continues until all the terms are
linked together to form a single tree, or a number of trees. If more than
one tree is produced then the students are asked to link the individual
trees together (Stewart, 1980).
Venn Diagram
Venn diagrams (see Figures 2 & 3) are models that represent the
standard features of a concept or models that show how several concepts
or principles are linked together through a central concept The teacher
can use the students’ Venn diagram (Figure 2.2) to identify their
perception of the concept as it relates to the scientific description of the
same concept. Appropriate teaching strategies may then be developed to
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promote the development of a more scientific description (Figure 2.3) of
the concept or principle.
Cool

InvW bIt

Ou

Figure 2.2. A
student-drawn
Venn diagram for the concept of gas (adapted from Sutton,
1980, page 111).

Elements which form negative ions

Nonmetais

Poor conductors
Figure 2.3.
A
scientist-drawn Venn diagram for the concept of nonmetal (adapted
from Sutton, 1980, page 111).
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Bur Diagrams
Bur diagrams are analogous to Venn diagrams, but use hooks, hairs,
or booklets to relate information to the main concept. The resulting
diagram resembles a bur, hence the name. The bur(s) enable the student
to associate specific information to the concept name, so that the concept
can be remembered and applied appropriately (Schaefer, 1979). Figure
2.4 shows a typical student bur diagram for the concept of cat. What is
important in both the Venn and bur diagrams are the connections
represented in the diagrams, for without these the concept would have no
meaning (Sutton, 1980).

Covered with hair

Meat Eater

Cat

Mammal

Figure 2.4. A student bur diagram for the concept of cat (adapted from
Sutton, 1980, page 112).
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Concept Maos
Concept maps are two-dimensional diagrams of a group of related
concepts with the more closely related concepts connected by lines.
Students organize the subject matter to show how they perceive the
concepts to be related. Students are usually given a set of
topic-specific concepts, or are required to identify a set of concepts from
a passage of text to use in preparing a concept map. The concepts are
rank ordered from the most general concepts to the most specific
concepts to allow the students to produce a map with a hierarchical
structure. Each concept is linked to a related concept with a line. By the
line is a written statement that explains the relationship between the two
concepts. This statement is very important, as it gives meaning to the
relationship between the selected concepts (Malone & Dekkers, 1984;
Novak, 1980; Novak, Gowin, & Johansen, 1983).
Data collected from these methods have been interpreted using both
simple and complex analyses, to assess the differences between the views
held by scientists and students of a particular concept (Stewart, 1979;
Stuart, 1985). Inadequacies arise when using these methods due to the
fact that outlying information related to the main concept(s) can be lost
or discarded, resulting in a misinterpretation of the students’ meaning.
Another criticism levied at mapping techniques is that the map or
diagram is a static representation of a changing process. Some feel these

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

41
methods are more appropriate as instructional tools to influence changes
within the thought structures of students and to enable both student and
teacher to gain a better understanding of those structures (Sutton, 1980;
Brumby, 1983; Fensham, Garrard & West, 1981). Although mapping
techniques can and have been used to identify misconceptions through the
analysis of the linkage statements, few of these mapping techniques can
be used conveniently by classroom teachers due to time constraints
(Peterson, 1986).
Interviews
Within the last ten years interviews have been found to be one of
the best approaches to use in uncovering students’ views and possible
misconceptions (Osbome & Gilbert, 1980; West & Pines, 1985). Gilbert
and Osbome (cited in Peterson, 1986) have divided interviews used to
study students’ understanding of natural phenomena into two categories,
the Interview-about-Instances and the Interview-about-Events approaches.
In the Interview-about-Instances approach, the questions that are
developed and the discussion that ensues is generally centered around the
examples and non-examples of a particular concept. These situations are
usually represented as line drawings on a series of cards for use in the
interview. According to Watts (cited in Peterson, 1986) and Osbome and
Freyberg (1985), to develop the cards certain criteria should be used, such
as linguistic confusion, invalid use of the concept (e.g., using the
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common meaning instead of the scientific one), and the critical
characteristics of the concept. In this approach, students are shown the
drawing and then asked to respond to a question(s) or describe the
activity represented on the card. Additional questions may be generated
by the interviewer to aid in understanding the students’ viewpoints. This
activity may also lead to the development of other examples of the
concept.
In the Interview-about-Events approach students are asked to
observe a demonstration of some phenomenon instead of viewing
drawings that represent an event. For example, students might be asked
to discuss their observation of a cart rolling down an incline plane. The
interviewer would then, through a questioning strategy, attempt to
develop an understanding of the students’ conception of acceleration.
Osbome and Gilbert (1980) believe that the major advantage in using
interviews is in the opportunity to improve the questions used. The
students’ answers will also facilitate additional questions not considered
prior to the interview.
Watts (cited in Peterson, 1986) points out that most interviews are
tape recorded and it is important that the tape transcriptions be done in
such a manner so as not to lose the student’s understanding of the
concept. He recommends that all comments, pauses, and laughter be
included in the transcription with no corrections for grammar to be made.
This is to insure a more accurate analysis of the interview.
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Scoring and interpreting interview data is a complex task and has
been accomplished several different ways. Hackling and Treagust (1982)
used four criteria to evaluate the interviews they conducted. A list of
propositions on the topic of genetic inheritance was developed prior to
the interview from which the ideas collected in the interview were coded
as to comprehension, recall, lack of knowledge, or misunderstanding.
Osbome and Gilbert (1980), on the other hand, categorized their student
collected responses as either "children’s science" or "scientists’ science".
1.
2.
3.
4.
5.
6.
7.
8.

Artificial answers
Concrete/observational answers
Mechanistic explanations
Uses major portions of model during interview, but
inconsistently
Learns major portion of model during interview
Uses the model throughout interview, but inconsistently
Leams model during interview, uses it consistently thereafter
Uses model throughout interview

Figure 2.5. A scale for rating whole interviews (from Posner and
Gertzog, 1982, page 200).
Posner and Gertzog (1982) describe an approach used by Rowell in
which the overall understanding of the concept in relation to a scientific
model is determined and then rated using a nine-point-scale (Figure 2.5)
based on Piaget’s developmental stages. Watts (cited in Peterson, 1986)
presents another technique for analyzing interview data. This method
involves the compilation of all relevant student data into altemadve
conceptual frameworks. This procedure utilizes eight altemative
frameworks for the concept force.
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Each altemative framework was pieced together from implicit and
explicit conceptions made by the students in the study. For
example, one altemative frame work was described as the
‘Designated force framework’. Students with this framework
perceived that certain objects are endowed with force and other
objects are not. Students with this particular conceptual framework
perceive that astronauts’ boots have a force, as they hold the
astronaut on the moon (Peterson, 1986, p.31).
One of the major points of criticism of interview data revolves
around the transcription and summarization of the information collected
using this process. According to Sutton (1980) concept maps, Venn
diagrams, bur models, and prepositional statements have all been used as
interpretive devices for interviews. Posner and Gertzog (1982) feel that
these methods fail to capture the student’s enthusiasm, conviction, or
uncertainty in making a response. Although clinical interviews provide a
rich source of valuable information regarding the nature of students’
science concepts, classroom teachers are not likely to use this method to
probe student understanding. The procedure is too time consuming and
most teachers lack the experience to properly conduct and interpret
interviews.
Word Connection Instruments
Word connection instmments include concept inventories, word
association tests, writing definitions and grids. These techniques require
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students to relate concepts with other words or some rating scale. The
students’ responses are then analyzed to determine what conceptual
framework they possess or the degree to which they are committed to an
idea.
Concept Inventories
Students are asked to evaluate selected topics or concepts using a
four or five point scale which rates the idea from "easy to understand" to
"never understood." By identifying those areas that are least understood
teachers can then direct instruction to these areas. An example of this
approach is described by Johnston (cited in Peterson, 1986) as it was
used in a Scottish "O" level chemistry course. Dekkers (1978) also
describes a way of using the concept inventory to aid in determining the
best teaching method (i.e., laboratory work, class discussion, project, etc.)
to be used in assisting the development of students’ understanding of
science concepts. The concept inventory is a way to quickly establish the
strengths and weaknesses in student’s understanding of science concepts,
but the reasons for any misconceptions which may be present are not
ascertainable by this method (Peterson, 1986).
Word Association Tests
In using this approach a word is presented to the student who in
turn responds with the first word or succession of words that come to
mind (Preece, 1976). Analysis can then range from simply counting the
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number of responses to a more complex procedure using matrices or
statistical analyses (Shavelson, 1974). Duit (1981) used this approach to
establish the word associations students generally make for the terms
energy, work, power, and force. Hackling (cited in Peterson, 1986)
reports that this method can be useful in pointing out certain
misunderstandings held by students. This approach only indicates the
students’ perceptions of a relationship between the two words. The
students’ understanding of the associated words is not clearly evident
(Sutton, 1980). For example, a student in response to the word "work"
may write the words force and distance. One does not know from this
whether the student sees the relationship as Work = Force x Distance or
as Force = Work x Distance (Stewart, 1979).
Since it is possible to generate a very large number of word
associations, someone has to decide which words are irrelevant to the
study and omit these words (Matthew, Brook, & Khan-Gandupur, 1984).
However the student may perceive these apparently irrelevant words as
possessing the strongest association with the concept. If this is the case,
then learning may be hindered if these words are removed from the
analysis process (Peterson, 1986).
Writing Definitions

This approach involves giving students a certain concept and asking
them to write down definitions in their own words. These definitions are

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

47
then analyzed for concept related attributes to determine how well the
definitions are understood. Hackling (cited in Peterson, 1986)
demonstrates how this procedure can be used to identify certain
misconceptions. Stutton (1980) describes an approach in which the
student is given a series of definitions to choose from. This technique
may be used to compensate any difficulties students may have in writing
their own definitions. Matthew, Brook and Khan-Grandupur (1984) have
criticized the writing definitions approach. They appear to think more is
learned about the student’s level of thinking than is learned about the
student’s cognitive structme and how the concepts in study fit into this
structure.
Grids
MacQuire (cited in Peterson, 1986) describes a procedure by which
student understanding and misconceptions of certain concepts is
measured. This procedure utilized a grid or matrix as part of the
analysis. Each cell of the grid or matrix contains information related to
an instance of various concepts. This information is usually in the form
of a simple line diagram or a statement. Students are asked to choose the
cell they believe relates to the concept. Their responses are then
compared to an ideal solution that has been agreed upon by practicing
teachers. Students who select choices that closely match the ideal
solution are viewed as having an understanding of the concept. Other
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combinations of answers can indicate the presence of certain
misconceptions of the concept. The students can also be asked to give a
confidence rating to their performance, using a five point scale ranging
from "I’m just guessing," to "I know I ’m right." If the student indicates
an abrupt drop in confidence, it is assumed that the corresponding piece
of information is in conflict with the student’s existing schema and has
not been meaningfully assimilated. The primary advantage of this
instrument is the ease with which it can be administered and scored by
the classroom teacher, lending itself to being a diagnostic tool that can be
used for any topic. One major disadvantage is that this method does not
provide clear details as to the nature of the misconceptions held by the
students.
Multiple Choice Items
Multiple choice items are composed of a stem, which is the main
body of the question, and may include illustrations such as diagrams or
graphs as well as written material. The response alternatives include the
correct answer and several wrong answers called distractors, which
should appear to the unprepared student as the correct response. Several
advantages exist in using multiple choice tests to measure student
understanding. With multiple choice items there is a lower probability of
guessing than with true-false items. Items can be written to measure
different degrees of learning from the knowledge level of Bloom’s
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taxonomy all the way to the analysis or evaluation level. The ease with
which one can administer and grade a multiple choice test and the ability
to sample large numbers of subjects are major advantages that are
attractive to classroom teachers and researchers alike.
The central focus of many studies using multiple choice items
generally has been either to measure student understanding of science
content, or to identify student held misconceptions. The design of a test
to measure student understanding of subject content at different levels
must be such that, the items are arranged by level of difficulty to give
some indication as to the degree of understanding. Incorrectly answered
questions notifies the test evaluator that problems appear to exist for the
student at some level of comprehension. Gilbert (1977) and Duncan and
Johnstone (1973) in their studies on the mole concept used this approach.
Driscoll (1974) also used this type instrument to study equilibrium.
One problem associated with the use of multiple choice questions to
measure student understanding of content is that students are able to
choose correct responses through memorization. "Therefore, the content
biased items do not necessarily establish whether the students have an
understanding of the ideas tested" (Peterson, 1986, p. 33). The best
multiple choice items are developed using distractors based on
information obtained from students, especially when used to identify
student held concepts. Several methods have been used to obtain these
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distractors, such as student responses to discussion questions, classroom
discussions, and interviews (Osbome & Cosgrove, 1983; Osbome &
Gilbert, 1980; Osbome & Freyberg, 1985; Tamir, 1971; Treagust, 1985;
Zarour, 1975).
Tamir (1971) developed distractors using student responses to essay
and other open-ended questions that were related to biology concepts.
"These altemative [responses] being representative of typical conceptions
and misconceptions of students have a distinctive advantage as compared
to regular test items for which professional test writers provide the
alternatives" (Tamir, 1971, p. 306). Osbome and Gilbert (1980) and
Osbome and Freyberg (1985) described a variety of interview formats,
such as interviews-about-instances and interviews-about-events from
which distractors were developed to identify misconceptions related to
both biological and physical science concepts.
A slight, but significant variation to the standard multiple choice
item is that of the two-tier item which contains two levels of altemative
responses (Peterson, 1986; Peterson, Treagust & Gamett, 1989; Tobin &
Capie, 1980; Treagust & Haslan, 1986). Tobin and Capie (1981)
describe the development of a two-tier multiple-choice instrument (see
Figure 2.6) called the "Test of Logical Thinking" (TOLT). The test was
designed to measure five modes of thinking ability: controlling variables,
proportional reasoning, probabilistic reasoning, correlational reasoning.
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The Pendulum's Length
1

2

3

4

4W
5W

10W
5W

aw
Suppose you wanted to do an experiment to find out if changing the
length of a pendulum changed the amount of time it takes to swing back
and forth. Which pendulums would you use for the experiment?
a.
b.
c.
d.
e.

1 and 4
2 and 4
1 and 3
2 and 5
all

Reason:
1. The longest pendulum should be tested against the shortest pendulum.
2. All pendulums need to be tested against one another.
3. As the length is increased the number of washers should be decreased.
4. The pendulums should be the same length but the number of washers
should 1% different.
5. The pendulums should be different lengths but the number of washers
should k the same.
Figure 2.6. Item 3 used on Form A of the Test of Logical Thinking
(Tobin & Capie, 1981).
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Respiration in plants takes place in :
1) the cells of the roots only,
2) in every cell,
3) in the cells of the leaves only.
The reason for my answer is because:
a) All living cells need energy to live.
b) Only leaves have special pores (stomates)
to exchange gas.
c) Only roots have small pores to breathe.
d) Only roots need energy to absorb water.
e ) _____________________________
Figure 2.7. Question 5 used on the multiple choice test developed by
Treagust and Haslan (1986, p. 16).
and combinatorial reasoning. The TOLT contains 10 items (two items
per mode) that require participants to select a correct response and then
justify their answer from a number of alternatives.
Treagust and Haslan (1986) developed a two-tier multiple-choice
test to diagnose secondary students’ understanding of photosynthesis and
respiration (Figure 2.7). The first tier of each item was developed based
on a set of prepositional statements and a concept map related to
photosynthesis and respiration. The second tier of responses was
developed using interviews, open-ended questions, and previous research.
These responses contained identified misconceptions along with the
scientitically acceptable answer.
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Peterson, Treagust and Gamett (1986) developed a similar
instrument to detect misconceptions related to covalent bonding and
structure. The method of test development followed the same procedure
previously described as used by Treagust and Haslan (1980).
Altemate Concepts In Physics
A great deal of the misconceptions research has been conducted
within the domain of physics. The areas most often studied are those we
generally observe in our day-to-day experiences. These studies can be
divided into four major groups a) force and motion, b) heat and
temperature, c) light and color, and d) electricity and magnetism.
Force and Motion
Studies on misconceptions for force and motion date back to the
1930’s. However, misconceptions research in these areas has intensified
within the last 15 years. Ralya and Ralya (1938) developed a 240 item
true-false test to identify misconceptions among elementary education
majors. Their test contained questions that dealt with the relationship
between a constant force and speed, the effect of air on falling bodies,
and the effect of gravity on falling bodies. Terry, Jones, and Hurford
(1985) examined students' understanding of forces in relation to static
equilibrium. Maloney (1984) and Ministrell (1982) identified students
who held the misconceptions that both bodies with greater masses and
causative agents apply greater forces. Studies by Leboutet-Bairell (1976)
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and Minstrell and Stimpson (1986) appear to indicate the existence of
two types of force: a force of interaction and a force due to motion.
Viennot (1979) also examined various student held conceptions of force.
A widespread belief that motion implies a force has been
documented by several researchers (Clement, 1982; Gunstone & Watts,
1985; Minstrell and Stimpson 1986; Osbome & Freyberg, 1985).
Minstrell and Stimpson (1986) identified ways in which significant
numbers of beginning students view the mechanisms of force, modifiers
of the magnitude of force, and factors which mediate when more than
one force is considered. For example, it is difficult for some students to
differentiate between gravitational and magnetic forces. For some
students the concept of push and pull does not include passive actions as
involving forces. Minstrell and Stimpson (1986) reports that for these
students objects which do not exhibit some change merely restrict or
resist motion but do not exert a force. Students in this study viewed
some forces as orthogonal (e.g., motion giving away to friction).
Several studies have examined problems students have with velocity
and acceleration (Trowbridge and McDermott, 1980, 1981; Raven, 1972;
Rae, (Zamie, Leonard, McCall, & Wilson cited in Bma, 1987), whereas
other research has examined students’ concepts of angular velocity (Ehri
& Muzio, 1974; Saltiel & Malgrage, 1980). Many students have been
identified as oossessine non-Newtonian views of motion (Shannon. 1976;
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diSessa, 1982). Students often hold impetus theory-like beliefs especially
when dealing with circular motion (Caramazza, McCloskey, & Green,
1981; Franklin, 1979; McCloskey, 1983; McCloskey, Caramazza, &
Green, 1980). Raven (1968), Robertson and Robertson (1975) and
Wilkening (1981) propose that many students can handle complex
concepts before they are taught the precursors to these concepts (e.g.,
momentum versus mass and velocity, velocity versus time). McClelland
(1985) believes these misconceptions
will become less prevalent if we, as teachers of physics follow . . .
three . . . precepts. This will involve being as definite as we can
about what we mean by our terms, being aware of the ambiguities
lurking in the language we use, insisting on consideration of
complete systems or processes before analyzing parts, particularly
where the Earth is involved, making as clear as possible the limits
of usefulness of a model and reiterating the same points over many
different examples rather than expecting pupils to leap to
generalisations from one or two concrete situations (p. 162).
Heat and Temperature
In addition to misconceptions research with force and motion a
number of studies have been conducted on student ideas about
phenomena involving heat and temperature. Some of the difficulty
students have in understanding many phenomena is because they think
and act in ways that make sense to them (Hollon & Anderson, 1986) and
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the study of heat and temperature is no exception. Most physics students
are in a pre-caloric state of understanding in which heat is viewed as a
substance with the ability to move from one object to another (Erickson,
1979, 1980; Ogbom, 1986; Rogan, 1988).
Hollon and Anderson (1986) and Finley (1985) believe that students
give incorrect molecular explanations because they believe molecules
undergo the same processes as observable objects. Students must leam
that molecules possess some properties of objects (e.g., mass and
velocity) but not others (e.g., color and temperature) if they are to use the
kinetic theory in explaining heat phenomena. However, Clough and
Driver (1985) in their study found that the early introduction of the
kinetic theory had little influence on students’ understanding of heat. The
subjects in this study did not use the particle theory in their explanations
even after instruction.
For many students heat and temperature are indistinguishable. Both
terms are used to refer to the "hotness" of a substance (Clough & Driver,
1985; Erickson, 1979, 1980; Finley, 1985; Hollon & Anderson, 1986).
Objects become hotter or colder in response to their surroundings. Hot
objects cause cold objects to get warmer and cold objects are viewed as
having lost all their heat (hotness) by students who give non-molecular
explanations (Hollon & Anderson, 1985). Erickson (1979, 1980) reports
that children view heat and cold as different substances. Tee (1979)
found evidence of heat being referred to as the "degree of hotness" or as
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an "appearance indicating the hotness" of a substance (e.g., blue hot),
which in scientific terms would be referred to as temperature. In
addition, some students viewed temperature as a property of the material
(e.g., a metal is cold) and they could not distinguish between the intensity
and amount of heat possessed by a body. For these students the
temperature of a body is related to its size or mass.
Differences in heat conductivities have been described by students
as heat moving at different speeds. Metals may be viewed as good
conductors because the heat concentrates on the surface allowing it to
move freely. On the other hand, poor conductors absorb the heat
internally preventing or hindering its movement (Clough & Driver, 1985).
Hollon and Anderson (1986) and Finley (1985) report that students
who use molecular explanations often transfer macroscopic properties to
the molecular level. For these students the individual molecules contain
heat, expand when heated, or can change state themselves.
In addition to the kinetic and caloric theories, Rogan (1988) found
some ideas on heat and temperature related to specihc instances which
lacked interpretive ability over a range of phenomena. This he labeled as
"children’s viewpoint." Rogan found that students with higher reasoning
abilities were more apt to relinquish their original idea if their idea was
theory related and not instance specific. This again is evidence that
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personal experience plays a greater role in the decision making process
than does the theory.
Summers (1983) and Ogbom (1986) agree that the approach to
teaching heat should be changed. For Ogbom (1986) many students do
not exhibit a commitment to the idea that energy is conserved, therefore
we need to differentiate between energy and free energy. "Part of the
difficulty is that we generally think about energy in a very nineteenthcentury way, as an abstract book-keeping quantity, somehow or other
related to the causes of things (Ogbom ,1989, p. 34). Summers (1983),
however, believes the problem lies in the incorrect grammatical usage of
the term. Using heat as a noun should be avoided. We should use the
word heating (i.e., a process) or use verbal forms of the word.
Regardless of the reasons for the existence of misconceptions, these ideas
often go unnoticed in the classroom because students become adept at
using cliches in their answers making the need for further probing by the
teacher (Clough & Driver, 1985).
Light and Color
Because light and color are essential features of everyday life,
everyone has some informal understanding of these terms. It has been
found that many early texts used in our formal educational process
discuss the properties of light but leave the nature of light for later
studies. This results in forcing children to construct their own conception
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of the true nature of light (Watts, 1985). Research has shown that the
student-held ideas about light are very similar to the explanations offered
by ancient philosophers. For example, Empedocles believed that objects
emitted "an eternal elementary fire" which reached the eye. Other
philosophers held that the eye produced an "internal elementary fire,"
while still others entertained both ideas (Andersson & Karrqvist, 1983).
For many students light is not something that exists physically apart
from its source (Guesne, 1985; Watts, 1985). This is evident in student
discussions of burning candles during the daytime (Watts, 1985).
Osborne and Freyberg (1985) report that when subjects are asked where
the light is from a burning candle the response often varies depending
upon ambient conditions. The light is described as remaining on the
candle if the students consider daytime conditions and travels away from
the candle for nighttime conditions. The distance light is believed to
travel depends on how far the student perceived the illumination of the
light source (Andersson & Karrqvist, 1983; Guesne, 1985; Osborne &
Freyberg, 1985; Watts, 1985).
Guesne (1985) found that some students equated light with intensity.
When the light is not intense enough to be perceptible it does not exist
any more. Guesne also found that students identify light with its effects
or they define light as a state (e.g., one day is lighter than another).
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Studies examining student perceptions of vision, report the notion
that light is a condition for seeing. The light merely illuminates objects
allowing us to see them (i.e., produces an effect) (Eaton, Sheldon, &
Anderson, 1986; Guesne, 1985; Watts, 1985). Watts believes that the
physiological and psychological aspects of vision are often separated
from the physical aspects, which involves the propagation and interaction
of light with objects. However, Andersson and Karrqvist (1983) have
identified students who believe vision is emitted from the eye.
Several researchers have identified various beliefs regarding the
reflection of light. Some students do not believe light is reflected
(Anderson & Smith, 1983, 1986), which is linked to the notion that light
does not move. A few students do acknowledge the reflection of light by
mirrors (Anderson & Smith, 1983, 1986); however, they may describe the
formation of mirror images by what they see in the mirror and not
through reflection (Guesne, 1985). Watts (1985) has identified other
students who believe light projects the image to the mirror. On the other
hand, opaque objects have been described as reflecting light, not
reflecting light, reflecting light with no scattering (Anderson & Smith,
1983), or only showing bright spots (Guesne, 1985).
Color is often viewed as an innate property of objects and
independent of light. White light is seen as clear or colorless (Anderson
& Smith, 1983; Eaton, Sheldon, & Anderson, 1986; Guesne, 1985).
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Eaton, Sheldon, and Anderson (1986) and Watts (1985) have identified
three misconceptions in conjunction with light passing through a colored
filter. Some students believe white light is changed or transformed into
another color by the filter. Many others describe the light as being dyed,
while a few claim the light projects the color forward. As stated earlier
many of these ideas are bom from personal experience. Confusing light
color and pigments often causes problems for students trying to
understand the nature light and color; and, unless anomalies are
uncovered through further probing many of these problems go unnoticed.
Electricity and Magnetism
The study of electricity and magnetism is common to every physics
course. It can also be said that the study of electricity is probably the
most difficult subject faced by physics students at all levels of learning.
Even though many of the terms used in basic electricity are acquired
before formal instruction, Shipstone (1985) has found that the terms
energy, current, power, electricity, charge, and voltage are used
synonymously. For example, students often regard a battery as applying
a constant current rather than a constant potential difference. Terms such
as voltage, resistance and current are not clearly understood by many
making it extremely easy for students to misinteipret observations
involving electricity.
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Student held concepts of electricity have been studied in relation to
two main areas —circuits and electric current. Many younger students
confuse series and parallel circuits. Even some older students exhibit
difficulty in causing a bulb to glow with only one wire and a battery.
Students often approach circuit problems with a concept or mental
scheme for a series or parallel circuit. Fredette and Clement (1981)
believe that this scheme of a standard circuit may be activated by circuits
problems. This would result in the student selectively attending to certain
features of the problem and ignoring others. The implication pointed out
by Fredette and Clement (1981) is that ". . .the student’s thinking may
determine his perceptions just as much as his perceptions determine his
thinking" (p. 285).
Misconceptions involving electric circuits are related to those of
electric current due to the natural relationship between current electricity
and the path it takes, the circuit. Most students will identify a circuit as
being composed of a source (e.g., battery), and appliance (e.g., light
bulb), and a bridge (e.g., wire) connecting the source to the appliance.
Shipstone (1985) found students from age 13 to college physics majors,
who believe the electric current is stored in the battery. He has also
identified students who think of the appliance as either an electric sink or
transformer.
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Four different models can be described regarding misconceptions of
the flow of electric current through a circuit. The model most likely to
occur earliest is the "unipolar model" (Shipstone, 1985; Tiberghien &
Delacote cited in Bma, 1988) or "Model A" (Tasker & Osborne, 1985).
The battery contains only one active terminal and may need only one
wire to transport the current to the appliance. If two wires are included
in this model, the second wire is passive because no current passes
through it. According to Tasker and Osborne (1985) this second wire is
either viewed as a safety wire or is just required to get the "bulb" to
light. The second model has been labeled the "clashing currents model"
by Shipstone (1985), the "bipolar model" by Tiberghien and Delacote
(cited in Bma, 1988), and "Model B" by Tasker and Osborne, (1985).
The current flows from the battery to the appliance (bulb) through two
wires. The two currents clash in the bulb to produce light. This idea is
not a new one. Similarly Andre Marie Ampere, 1775-1836, described
two electricities carried
in such a way that there results a double current, one of positive
electricity, the other of negative electricity, starting out in opposite
senses from the point where the electromotive action arises, and
going out to re unite in the parts of the circuit remote from these
points . . . it is this state of electricity in a series of electromotive
and conducting bodies which I name for brevity electric current
(quoted in Hurd & Kipling, 1958, p. 221).
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Logically this model makes sense in relation to the need for two wires
and the energy conversion that occurs in the appliance.
The third model is the "attenuation model" (Shipstone, 1985) or
"Model C" (Tasker & Osborne, 1985). As the current moves around the
circuit each appliance consumes some of the current affecting the next
appliance but not the previous one. When using this model a student
might predict that bulb-1 in a series of bulbs will glow brighter than
bulb-2. Shipstone (1985) identified a fourth model called the "sharing
model." In this model all appliances in series will share the current
equally, but the current is not conserved.
Shipstone (1985) reports that 39% of the physics graduates training
to be teachers used the attenuation or sequence model. These ideas are
difficult for students to give up because they are logically developed
using sensory data. For example, when a battery and bulb are properly
connected the bulb glows until the battery "dies." A logical assumption
is that the bulb consumed electric current until the battery ran out of
electricity. The notion of electric consumption is sometimes compounded
through the use of the water-flow analogy (Tasker & Osbome, 1985).
Psillos, Kaumaras, and Valassiades (1987) interviewed students who
describe current flow to be like cars moving through a toll, the current
builds up on one side of the resistor. Students with these misconceptions
tend to view electric current as a matter-like substance, which has the
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properties of storage, movement, and consumption. Unless these ideas
are addressed and changed all other instructional attempts will continue to
produce the same meager results toward developing an understanding of
electricity.
Magnetism, although less threatening to students, never the less has
its problems. As with electricity, magnetism is a concept we hear about
early on in our lives. The nature of magnetism and its relationship to
electricity is still somewhat a mystery. Students, after conducting the
Oersted experiment, have been noted describing the movement of the
needle as due to current leaking out of the wire into it (Psillos, Kaumaras
& Valassiades, 1987). Students are aware that a nail wrapped in
insulated wire will take on magnetic properties when an electric current is
passed through the wire. This demonstration is performed in many
science classrooms. Students upon constructing electromagnets and using
these and other magnets to pick up paper clips or nails quickly surmise
that all metals ar magnetic. There are two possible reasons for this
misconception. Students are often given only iron objects of different
textures and colors to examine, therefore they assume the metals are of
different composition. A second possibility may be that students do not
possess a clear understanding of the concept of metal.
General Discussion
Many important findings have been noted analogous to student
understanding of certain science concents. Some research has attemnted
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to identify teacher decision-making schemes relative to the pedagogy they
practice. These findings can be used to assist classroom teachers and
curriculum developers in improving the learning of science among all
students. It is evident from the studies reviewed that misconceptions
influence learning at all levels. Since students often come to science
classrooms with these erroneous concepts, it would be instructionally
beneficial if the misconception could be identified prior to and following
instruction providing the teacher the opportunity to develop successful
teaching strategies.
Summary
A review of the literature provided the theoretical and
methodological framework for this study. In the first section of the
review, concept development and science instruction were discussed
relative to the constructivist learning theories of Piaget, Ausubel,
Wittrock, and Holland, et al.’s induction model. These learning theories
provided the foundation for the later discussion of students’
misconceptions in science. The need to understand how teachers think
relative to the pedagogy they practice was also discussed. Helping
teachers identify and confront their own unspoken theories is a first step
toward altering unsuccessful teaching strategies.
Five different methods to detect misconceptions were described.
These included methods ranging from pen-and-paper tests to completely
open inten'iews. While the methods which involve interviews generally
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supply a rich source of information about student-held ideas, they are
very time-consuming and considered inappropriate for extensive
classroom use. Concept maps have proven to be effective in detecting
misconceptions only if linkage statements are included. The analysis of
the data produced using this method is also very time consuming and is
therefore a limiting factor for classroom use.
The word connection instruments appear to only identify the level
of student understanding and not misconceptions. However, the word
association and grid method are potentially effective means of detecting
misconceptions, but not without further work to identify the nature of the
misconceptions.
Multiple choice tests have been used by a number of researchers to
identify misconceptions. Yet many of these are like the word connection
instruments and only identify the students’ level of learning. Multiple
choice items can be used to successfully identify misconceptions provided
the distractors are based on students’ alternative views and not foils that
are merely incorrect. The test developer can collect these distractors
using interviews, concept maps, essay tests, and classroom discussions.
The development of a quality instrument in this case would be the
limiting factor for the teacher. Once developed however, a written
multiple choice test that is easily administered and scored can be a
valuable tool for physics and physical science teachers. This is especially
true if the test aids in identifying student misconceptions and provides the
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basis for developing teaching strategies to address common, basic
misconceptions within the areas of force and motion, heat and
temperature, light and color, and electricity and magnetism.
How we should address misconceptions to provide students with the
experiences needed to bring about a proper disequilibrium resulting in
desired conceptual changes is an issue yet to be resolved. If resolution is
ever to be reached, classroom teachers must recognize the need to
inventory the various student-held ideas within their classes and provide
experiences to challenge these ideas.
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CHAPTER 3; METHODS
This chapter provides a discussion of the methods of the study,
including a description of the process of test item development, the
instruments utilized, the participating subjects, and the overall design and
procedures followed throughout the study. Upon reviewing the literature a
decision was made to develop a pen-and-paper test using the multiple
choice format. The standard item-format utilized on multiple choice tests
was deemed inappropriate, therefore different formats were explored prior
to the initiation of the study as part of the instrument development process.
Once a format was established, items related to common concepts contained
in physics and physical science courses were developed. The instrument
was then administered to students taking physics, physical science, and an
elementary science methods course. Student interviews were conducted to
validate the information obtained from the test. Classroom observations
and teacher interviews were conducted to determine teacher perceptions of
test practicality in relation to actual instruction and how the test information
was used during instruction.

69
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Instrument Construction
Pilot Test of the First Instrument
Test Construction
Four items used by Osbome and Freyberg (1985) to detect
misconceptions related to force and motion were selected and modified (see
Appendix A). The format used by Osbome and Freyberg (1985) included a
question, sometimes a statement, and a diagram depicting the action
involved. In their studies students were asked to respond to the question
orally in a procedure often described as an interview-about-instances. The
four items selected were modified into a multiple choice format. In
addition to the question and diagram, a group of possible answers from
which to select was included. Each question was followed by five foils
that included one scientifically correct and four incorrect responses. The
incorrect foils were developed based on explanations given by students
during interviews on force and motion reported in the literature.
Respondents were asked to indicate how they felt about each foil as a
possible answer to the question by using a five point Likert-scale that
included selections ranging from strongly agree to strongly disagree. This
differs from the typical multiple choice format, whereby only one foil is
singled out as the most correct response. In addition to indicating the
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degree of acceptance for each foil, the respondents were asked to explain in
writing why they agreed or disagreed with each choice.
Subjects
The items were administered to approximately 85 chemistry and
physics students at Louisiana State University Laboratory School during the
spring semester of 1987. The students attending this school come from
middle to upper income families. Altliough considered to be a public
school, entrance requirements are selective and a tuition fee is required.
Student abilities generally range from average to above average. Since the
school is located on the campus of Louisiana State University, many of the
students are children of University faculty, as well as other professionals.
The faculty at the lab school are required to have a master’s degree and
participate in professional activities related to their field of study in addition
to their teaching duties. These activities include such things as presenting
workshops, conducting classroom research, and active participation in
professional organizations.
Results
The purpose of this pilot was to determine if the item format
described above would allow the detection of misconceptions among those
taking the test. The results proved to be inconclusive. The responses were
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often confusing, as well as contradictory. Students often agreed with more
than one answer. In addition the written explanations given were unclear
or they simply restated the foils. After examining the results obtained
using these items, a decision was made to revise the format to make
scoring and evaluating student explanations more objective and reliable.
Format changes were made and a new test was then piloted.
Pilot Test of the Second Instrument
Test Construction
Having students indicate whether they agreed or disagreed with each
response produced contradicting results and increased the grading time of
the instrument. Although identifying the existence of contradictions is
useful information, the increased grading time would cause the instrument
to be viewed unfavorably by teachers. Therefore, the Likert-scale was
deleted from the items and the directions were modified to direct
respondents to select only one foil as the correct response to the question.
Asking for a written explanation for choosing a particular foil was retained.
However, since respondents were asked to select only one foil as the
correct answer, only one written explanation was requested.
The second instrument (see Appendix A) was expanded to include six
items related to force-and-motion, four items related to heat-and-
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temperature, four items related to light-and-color, and four items related to
electricity-and-magnetism. These four areas were chosen because they are
major areas of study in physics and physical science courses. The
instrument was administered to physical science students in a second pilot
study.
Subjects
The second instrument was used in a pilot study (Good, Strawitz,
Franklin, Smith, Roberts, & Moncada, 1988) conducted at the Louisiana
State University Laboratory School and Scotlandville Magnet High School
in Baton Rouge, Louisiana, during the fall semester of 1987. (Refer to
page 71 for a description of the University Laboratory School subjects.)
Students attending Scotlandville Magnet High come from more
diverse socioeconomic conditions than students attending the lab school.
The magnet school is part of the East Baton Rouge Parish school district.
Students must have and maintain a least a 2.00 grade-point-average to
attend. The science curriculum offered at this school is structiued to
prepare students for entering university-level science and engineering
programs. The abilities of these students generally range from average to
above average. While the faculty at the lab school are required to have a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

74
master’s degree and participate in professional activities, teachers at the
magnet school have no such special requirements.
Two teachers and approximately 150 students participated in the
study. These included two eighth grade physical science classes of about
30 students each at the laboratory school and three ninth grade physical
science classes of about 30 students each at the magnet school. One of the
participating teachers taught both classes at the lab school and the other
taught the three classes at the magnet school.
Results
The instrument was administered in subsections as pre- and posttests
relative to the concept being taught. This was an attempt to detect changes
in misconceptions brought about by using the learning cycle (Kaiplus,
1977) approach in science instruction. For example, the subtest on forceand-motion was administered to each class prior to instruction. Students’
responses were examined by the respective teacher and the students were
informed of the different points-of-view that existed among class members.
A teacher-selected instructional strategy was applied to address the
misconceptions manifested in these responses. Instruction was directed
toward forcing students into confronting their ideas and providing physical
evidence to support the scientific viewpoint while disconfirming the
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student-held ideas. After instruction the same diagnostic instrument was
administered as a posttest. Both tests were scored and the results analyzed
using an analysis of covariance to detect any changes in the number and
kind of misconceptions that existed before and after instruction.
Upon completion of the pilot study, the test items were evaluated to
determine their effectiveness at detecting misconceptions. Careful analysis
revealed that although the presence of misconceptions were manifested
throughout the test, serious flaws still remained restricting the effectiveness
of the instrument. The most serious problem centered around the written
explanations offered by students for their choices in answers. A majority
of the explanations were too brief or vague to determine exactly what the
students were trying to say. In addition, many of the explanations were
simply modified versions of the selected responses chosen to answer the
questions. This phenomena occurred even more frequently on the posttest.
As the semester progressed, the problem of vague and incomplete
explanations increased to the point that explanations were not even offered
by many students.
The necessity for clear explanations was paramount in determining
what, if any, misconceptions were held by the students. Not only did the
C X piollatiG nS prOViuC IH Sigiit liitO ilCW ulC rCSpCnuCiito V*lCWCu ulC tCplCy
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they were good indicators of ambiguous statements within the item itself.
In other words, when students chose an incorrect response but gave a
scientifically correct explanation, analysis often revealed the existence of a
possible problem with the item. Without the explanation, identifying the
existence of a misconception would be impossible based solely on the
chosen answer.
Having students write their own explanations proved to be
unsatisfactory to some extent. Low interpretability of explanations reduced
the reliability of the instruments and increased the grading time. This
resulted in an instrument teachers would not view as appropriate for
classroom use. The amount of information that could be obtained would
not be worth the time and effort needed to evaluate student responses.
Development of Instrument: Version Three
Based on these findings and those reported by Tobin and Capie
(1980), the items were modified a second time to include not only a
selection of possible answers to the question, but also a choice of
explanations. Therefore, the third version (see Appendix B) of the
instrument was designed to contain items which included the following:
1.

a diagram when needed to clarify the situation or event portrayed

in the item,
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2. a statement when needed to explain and/or clarify the situation or
event portrayed in the item,
3. a question related to some aspect of the described event,
4. a series of numbered foils which served as possible answers to the
question, and
5.

a series of lettered foils which served as possible reasons for the

answers. The third instrument was designed to encompass four major areas
of study in physics and physical science courses a) force-and-motion, b)
heat-and-temperature, c) light-and-color, and d) electricity-and-magnetism.
The number of items was increased to ten items for each of the above four
areas making a total of forty items on the instrument. The intent was to
have an instrument that contained enough items to give the teacher an
adequate representation of student misconceptions in each area, while
having an instrument that could be administered during one class period.
Items were selected primarily from those used by other researchers
and reported in the literature. These items were modified to fit the format
described above. The reasons provided were developed based on common
explanations reported to be given by students during interviews related to
each concept. In addition to the preconstructed reasons, provision was
made for allowing the respondents to contribute their own explanations if
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they so desired. Each page of the instrument contained one item. After
responding to each item, the subjects were requested to indicate their
confidence in their response and whether the response seemed logical. This
was accomplished by placing a confidence scale that ranged from ‘I ’M
SURE I’M RIGHT’ to ’JUST A BLIND GUESS’ and a logic scale (Brown
& Clement, 1987) that ranged from ‘MAKES PERFECT SENSE TO ME’
to ’MAKES NO SENSE TO ME’ at the bottom of each page. Directions
for completing the test, including a sample question, were constructed and
placed in the front of the set of questions. The instrument was titled
"Misconceptions Identification in Science Questionnaire" or MISQ for
short. The use of the term questionnaire was used to remove the stigma of
testing for a grade. An answer sheet (see Appendix B) was developed on
which respondents were directed to indicated their choice of answer, reason,
confidence rating, and logic rating. A blank also was provided for those
who preferred to write their own explanation instead of selecting from
those contained in the instrument.
The Study
Preliminarv Procedure
To determine the usefulness of the MISQ with students of varying
abilities, different schools with select student populations were identified.
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Permission to collect data at schools within East Baton Rouge was
requested in writing from Dr. William Glasper. As directed by Dr.
Glasper, each principal at Scotlandville Magnet High School and Tara High
School was contacted and permission was given to conduct the study.
Parental permission (see Appendix C) was requested from each student
participating in the study at Scotlandville. Since students at Tara were not
interviewed this procedure was not necessary. Permission to conduct this
research at the University Laboratory School (U-High) and Denham Springs
High School was granted by their respective principals. Parental
permission was not required at these schools. Students in the elementary
science methods classes at Louisiana State University were asked to sign
permission forms at the beginning of the semester stating their willingness
to participate in research studies throughout the semester. All subjects were
guaranteed anonymity and allowed to withdraw at any time during the
study.
Three teachers from Scotlandville, two from U-High, one from
Denham Springs, and three from Tara were interviewed by the researcher
prior to entering the schools. Each teacher was given a copy of the MISQ
to examine prior to the interview. During the interview the concept of
misconceptions was explained, as well as the research method that would
be used. Possible instructional strategies to address misconceptions were
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also discussed at this time. Six of the nine teachers interviewed agreed to
participate in the study.
Subjects
The study was conducted using five different school settings, four
local high schools and two classes at Louisiana State University. A total of
509 students participated in the study. These schools were chosen because
they represented different groups of students and their location made them
easily accessible. The four high schools included University Laboratory
School, Denham Springs High School, Scotlandville Magnet High School,
and Tara High School.
Universitv Laboratory School
The University Laboratory School is composed of students from
middle to upper income families. (Please refer to page 71 for a description
of the University Laboratory subjects participating in this study.) The
instrument was administered to all the physics (3) and physical science (2)
classes at the school. The physics classes were composed of grade 12
students, while the physical science classes contained grade eight students.
The physics teacher had ten years of teaching experience having taught
biochemistry, chemistry, biology, advanced biology, and general science, in
addition to physics. This teacher, Ms. H was teaching physics under
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Louisiana’s twelve-hour rule, whereby teachers certified to teach one
science course may be certified to teach another provided they take a
minimum of 12 hours in that subject. The text used in these classes was
the 1982 version of Phvsics Principles and Problems by Merrill Publishing.
Approximately 30 percent of class time was devoted to laboratory activities,
five percent to demonstrations, 35 percent to lecture, with the remainder
being devoted to classroom assignments and testing. Physics is a year long
course and twelve weeks of this time was devoted to the study of forceand-motion. This area of study occupied almost the entire first semester.
The study of heat-and-temperature took only four weeks, light-and-color
four weeks, and electricity-and-magnetism three weeks.
Mr. F taught the two physical science classes. This teacher had 17
years of experience teaching algebra, earth science, as well as physical
science. Mr. F held a M.Ed. degree with a college major in math and a
minor in general science. The text used in this course was the 1983 edition
of Focus on Earth and Physical Science by Merrill Publishing.
Approximately 20 percent of class time was devoted to laboratory activities,
15 percent to demonstrations, 50 percent to lecture, and the remainder to
critical thinking activities and testing. Physical science is a year long
course. During this school year four weeks were devoted to the study of
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force-and-motion, two weeks to light-and-color, and three weeks each to
heat-and-temperature and electricity-and-magnetism.
Scotlandville Magnet High School
Students attending Scotlandville Magnet High come from more
diverse socio-economic conditions than students attending the lab school.
(Please refer to page 77 for a description of the Scotlandville Magnet
subjects participating in this study.) The instrument was administered to
five of the physics and five of the physical science classes at the school.
The physics classes were composed of grade 12 students, while the physical
science classes contained grade nine students.
The five physics classes were taught by Mr. J who had 10 years
teaching experience within the areas of physics, chemistry, and physical
science. This teacher is fully certified by the State of Louisiana to teach
physics. The text used in these classes was the 1984 edition of Modem
Phvsics by Holt, Rinehart & Winston. Approximately 10 percent of class
time was devoted to laboratory activities, five percent to demonstrations, 80
percent to lecture, with the remainder being devoted to classroom
assignments, computer tutorials and simulations and testing. Physics at this
school is a year long course. Ten weeks of this time were devoted to the
study of force-and-motion. while the studv of heat-and-temoerature
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occupied about five weeks. Four weeks were devoted to the study of lightand-color and three weeks to electricity-and-magnetism.
Ms. S taught the five physical science classes tested at Scotlandvilie.
This teacher had 31 years of experience teaching biology, general science,
as well as physical science and holds a M.Ed. degree with a college major
in math and a minor in general science. The text used in this course was
the 1983 edition of Focus on Earth and Physical Science by Merrill
Publishing. Approximately 20 percent of class time was devoted to
laboratory activities, 15 percent to demonstrations, 50 percent to lecture,
and the remainder to critical thinking activities and testing. Physical
science is a year long course. During this school year four weeks were
devoted to the study of force-and-motion, two weeks to light-and-color, and
three weeks each to heat-and-temperature and electricity-and-magnetism.
Denham Springs High School
Denham Springs High School contains grades 9-12 and is composed
of students from families with varied socio-economic standing. Livingston
Parish, in which Denham Springs is located, does not contain magnet
schools as does East Baton Rouge Parish and draws heavily from rural
areas; therefore, the range of abilities exhibited by the student body is also
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varied. The faculty are not required to possess credentials above the
minimum requirements imposed by the state.
The instrument was administered to the five physics classes at the
school which were composed of grade 12 students. The physics teacher
had five years of teaching experience; having taught only physics. This
teacher, Ms. G, possessed a B.S. degree in Physics with a minor in math
and is certified to teach only physics. The text used in these classes was
the 1982 version of Physics Principals and Problems by Merrill Publishing.
Approximately eight percent of class time was devoted to laboratory
activities, five percent to demonstrations, 45 percent to lecture, with the
remainder being devoted to classroom assignments, field trips/videotapes,
and testing. Physics is a year long course and the entire first semester
devoted to the study of force-and-motion. In contrast the study of heatand-temperature took only four weeks, light-and-color six weeks, and
electricity-and- magnetism one week.
Tara High School
Tara High School is part of the East Baton Rouge Parish public
school system. The student body at Tara represents families from low to
upper-middle income ranges, which is reflective of the parish-wide busing
program. Student abilities are considered to be average to below average.
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This condition is attributed generally to the loss of high achieving students
to the parish magnet schools. No special curricula are offered at Tara and
there are no special entrance requirements for students. The faculty are
required only to meet Louisiana certification standards to perform only
those duties required by the Parish School Board.
Classroom observations were not conducted at this school due to time
constraints and scheduling conflicts. The physics teacher, Mr. C, did
administer the MISQ to one of his physics classes and was interviewed
afterward. Mr. C had nine years of teaching experience and is certified by
the State of Louisiana to teach physics, chemistry, and general science with
a M.Ed degree.
Two texts were used in the physics classes at Tara, the 1984 edition
of Modem Phvsics by Holt, Rinehart, & Winston and the 1986 edition of
Physics Principles and Problems by Merrill Publishing. Mr. C reported that
approximately 20 percent of class time was devoted to laboratory activities,
40 percent to demonstrations, about 35 percent to lecture, and the
remainder to other activities, such as projects, field trips, and team
competitions. Physics at this school is a year long course. The first
semester was devoted to the study of force-and-motion, while four weeks
each were devoted to heat-and-temperature, light-and-color, and electricityand-magnetism.
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LSU Elementary Science Methods
Louisiana State University, College of Education is an NCATE
approved school with a well established teacher education program, as well
as a graduate research program. Two elementary science methods classes
were administered the MISQ to provide subjects with slightly different
abilities and experiences from the physics and physical science students.
These subjects were all female elementary education students in their last
semester prior to their student teaching experience. Their ages ranged from
21 to 38 years. Their science experiences ranged from taking the minimum
number of college-level physical science courses, which may include only
earth science, to having taken 2-3 semesters of physical science(physics)
and/or chemistry. The majority of the students tended to be in their early
twenties and very apprehensive about teaching physical science concepts.
These students provided a group that possessed more years of general
educational experience than either the physics and physical science
students, however their science training was generally limited to biology
and earth and space courses and some physical science(physics) courses.
Test Administration
Each participating teacher administered the MISQ to their respective
classes. The answer sheets were scored by the researcher and the results
given to the teachers. The results were in the form of percentages and
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frequency counts of each answer-reason combination. This information was
provided for each of the 40 items on the instrument. A computer printout
was given to each teacher and the information was reviewed by the
researcher and teacher together. Each teacher was therefore able to identify
those ideas or concepts prevalent in each respective class.
The test was administered during the spring semester of 1988 to 509
students. Giving the test during the spring meant that the physics students
would be tested on the force-and-motion concepts after receiving
instruction, but tested on the other concepts prior to instruction. This
situation would allow those teachers the opportunity to judge the
effectiveness of their instruction before beginning the other sections— heatand-temperature, light-and-color, and electricity-and-magnetism. The
physical science classes were tested prior to instruction on all concepts
because of the abbreviated timetable under which they operated. The
elementary methods classes were tested during the first week of the
semester as part of another ongoing study.
Test reliability was determined using the KR-20 formula. An analysis
of variance was used to determine the effectiveness of the instrument to
discriminate among students relative to age, gender, and grade-level
(subject). Item analysis was performed to determine which distractors were
the most effective. Face validity was determined based on teacher
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identification of those items covered in their particular course. Each
teacher was asked to rate each item on the MISQ using a Likert scale
ranging from VERY IMPORTANT to TOTALLY IRRELEVANT as to, (a)
inclusion of the concept in the course and (b) importance to students (see
Appendix D). An agreement rate was determined between the results of
the pen-and-paper test and the student interviews to establish statistical
validity.
Student Interviews
A stratified sample (n =27) of students was selected and interviewed
by the researcher based on the score they received on the MISQ. One
student was selected from each class except at the laboratory school and
from the methods classes. Three methods students were chosen and four
extra students at the lab school were chosen to make the numbers
comparable to the other schools. Each item was considered correct if the
scientifically correct answer and its corresponding reason were selected.
This combination was awarded a point value of one.

Any other

combination was awarded a point value of zero. An interview-aboutinstances method (Osborne & Freyberg, 1985) was utilized to validate the
foils students selected in responding to the MISQ items. Content validity
was determined by having each teacher identify those items included in
their curriculum.
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Each student was shown each MISQ item without the reason section.
The question and/or statement was read to the student by the researcher and
the student was asked to select the answer they believed to be correct.
They were instructed to offer an explanation or reason for their chosen
answer. The researcher followed this with additional questions in an
attempt to clarify the student explanation. The interviews were recorded on
audiotape and the tapes were transcribed. The transcribed interviews were
analyzed by the researcher and the responses given during the interviews
were compared to those given on the pen-and-paper instrument. An
agreement rate (AR) was determined using the two sets of responses (penand-paper and interview-about-instances) to determine the existence of any
significant difference between the two methods. Responses identified as
the same were coded with a "1" and those identified as different were
coded with a "0." The agreement rate was determined by comparing the
total number of responses coded as "1" with the total number of possible
responses. For example, if 21 of the 27 possible responses for an item on
the test were coded as "1," then AR = 0.78 for that item. If the item
accurately captures the ideas held by the students then the AR value should
be high. The puipose for comparing the responses obtained using these
two procedures was to determine the validity of the pen-and-paper
instrument.
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Teacher Observations
With the exception of Tara High School, all participating teachers
were observed by the researcher for the purpose of identifying and
recording any teaching strategies used to address misconceptions. At least
one class per teacher was observed as often as time permitted (i.e., a
minimum of eight observations per teacher was conducted). Multiple
observations were possible due to variations in the existing teaching
schedules. In other words, no two teachers were covering the same topic at
the same time.
Teacher Interviews
Each teacher was interviewed at the end of the semester to discern
their thoughts regarding test format, content, and usefulness. The
interviews were audio taped and the tapes were transcribed. The
transcriptions were analyzed to determine teacher perceptions regarding test
usefulness and the need for diagnostic steps for identifying student
misconceptions.
Summary
This chapter described the method used to construct and validate the
MISQ. Test items were developed based on research reported in the
literature and on personal experience. The test was administered to 509
students in 14 physics, seven physical science and two elementary methods
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classes. Based on test scores a stratified sample of students (n = 27) were
interviewed using the interview-about-instances method to validate student
test responses. Six teachers were observed and/or interviewed to determine
the usefulness of the instrument and the impact the test information had on
instruction. Univariate statistics were utilized to determine the instruments
ability to discriminate between various groups.
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CHAPTER 4: RESULTS
This chapter describes data collected with the MISQ and data
collected during interviews conducted with the students and teachers
participating in this study. The instrument was analyzed to determine its
(a) validity, (b) reliability, (c) objectivity, and (d) usability. The usability
of the instrument was the central focus of this study; therefore, a great deal
of effort was expended in this endeavor. In addition to standard statistical
means, such as item analysis, both students and teachers were interviewed
to describe the previously stated instrument characteristics. A statistical
analysis was performed on the test data to determine instrument
effectiveness in discriminating among students relative to gender and
subject.
Validity
Validity is the degree to which a test measures what it is supposed to
measure. Validity can be demonstrated by systematically relating test
content to curricular objectives (face validity) or by statistical comparisons
of test results with other criteria of what the test is supposed to measure.
Face validity was determined by having each participating teacher identify
whether or not each item in the instrument was covered in their course.
The state curriculum guide identifies minimum coiu'se requirements and not
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the total content covered in each individual class. Therefore, having the
teachers rate each item was a more appropriate means of determining face
validity rather than using the state guide. All 40 items that currently
comprise the MISQ were identified as relevant to the content of both the
physics and physical science courses in which the instrument was
administered, therefore face validity was achieved.
Statistical validity was determined using the "interview about
instances" procedure described in Chapter 3. The results of these
interviews (see Appendix E for a sample transcription of these interviews)
were compared to the written test results of each of the 27 students
interviewed. An agreement rate (AR) was determined to identify the
degree to which responses supplied in both the written and oral forms were
similar (Tables 4.01 - 4.04). The AR among all answers (n = 1,080 total
responses) ranged from a high of .96 to a low of .37; among all reasons (n
= 1,080 total responses) the range was .78 to .22; and, for a combination of
both answer and reason (both) the range was .78 to .11 (n = 1,080 total
responses). Analysis of each subsection of the MISQ revealed that the ARs
for each MISQ subtest were generally consistent across each subtest (Figure
4.1). In all cases the ARs decrease from answer to reason to both. The
higher AR for the answer may be due to two factors. Students were
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allowed to choose from the same set of answers during both the written and
oral examination. In addition, the answer section typically had fewer foils
to choose from, which increases the probability of selecting the same
response. Overall the ARs were higher for the MISQ subtest. Force and
Motion followed by Light and Color, Electricity and Magnetism, and Heat
and Temperature in this order.

B

ANSWER

REASON

BOTH

FORCE 0 H E A T B U G H T ^ELECTRICITY

Figure 4.1. A comparison of agreement rates for each ivuay suotest.
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Table 4.01
Agreement ratios between responses given on the MISQ and the student
interviews for the 10 items related to force and motion.

Agreement Ratio(AR)

Item no.

Answer

Reason

Both

1

0.96

0.78

0.78

2

0.74

0.44

0.41

3

0.78

0.56

0.56

4

0.63

0.59

0.48

5

0.48

0.30

0.30

6

0.52

0.30

0.15

7

0.89

0.56

0.56

8

0.74

0.52

0.48

9

0.89

0.74

0.70

10

0.74

0.74

0.67

TOTAL

0.74

0.55

0.51

Number of Responses in Agreement
AR = ______________________________________
Total Number of Possible Responses(TNR)
TNR = Number of Students(n) x Number of Items(I). n = 27. I = 40
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Table 4.02
Agreement ratios between responses given on the MISQ and the student
interviews for the 10 items related to heat and temperature.

Agreement Ratio(AR)

Item no.

Answer

Reason

Both

11

0.81

0.74

0.74

12

0.59

0.56

0.48

13

0.48

0.44

0.41

14

0.59

0.56

0.41

15

0.78

0.78

0.74

16

0.44

0.37

0.30

17

0.78

0.52

0.44

18

0.74

0.22

0.19

19

0.78

0.30

0.22

20

0.37

0.26

0.11

TOTAL

0.64

0.47

0.40

AR =

Number of Responses in Agreement
Total Number of Possible Responses(TNR)

TNR = Number of Siudenis(n) x Number of îterns(î). n = 27. I = 40.
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Table 4.03
Agreement ratios between responses given on the MISQ and the student
interviews for the 10 items related to light and color.

Agreement Ratio(AR)

Item no.

Answer

Reason

Both

21

0.63

0.44

0.41

22

0.78

0.52

0.52

23

0.93

0.48

0.48

24

0.74

0.59

0.52

25

0.59

0.41

0.37

26

0.59

0.56

0.52

27

0.52

0.44

0.33

28

0.74

0.52

0.44

29

0.74

0.56

0.48

30

0.52

0.44

0.37

TOTAL

0.68

0.50

0.44

AR =

Number of Responses in Agreement_________
Total Number of Possible Responses(TNR)

TNR = Number of Studentsfn) x Number of ItemsCI). n = 27. I = 40.
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Table 4.04
Agreement ratios between responses given on the MISQ and the student
interviews for the 10 items related to electricity and magnetism.

Agreement Ratio(AR)

Item no.

Answer

Reason

Both

31

0.66

0.59

0.59

32

0.56

0.59

0.52

33

0.63

0.52

0.48

34

0.56

0.33

0.33

35

0.63

0.41

0.41

36

0.48

0.44

0.63

37

0.85

0.37

0.37

38

0.74

0.30

0.15

39

0.85

0.52

0.52

40

0.56

0.48

0.33

TOTAL

0.65

0.46

0.43

AR =

Number of Responses in Agreement____________
Total Number of Possible Responses(TNR)

TNR = Number of Students(n) x Number of Items(I). n = 27. I = 40.
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Reliability
Item analysis was performed to identify those items with the greatest
ability to discriminate among subjects taking the test. Base on a minimum
acceptable discrimination index (Dl) of 0.20, 11 of the 40 items were
below the acceptable standard (Tables 4.05 - 4.08). Five of the eleven
were in the subsection on heat and temperature. The overall test reliability
was determined to be 0.81 using the KR-20 formula developed by Kuder
and Richardson. An acceptable test reliability coefficient should be no
lower than .60 and preferably should be at least .80. Therefore, instrument
reliability is well within acceptable limits.
Objectivity
Objectivity in scoring the MISQ was assured by utilizing a multiple
choice format and the effect of guessing was reduced by employing a twotier structure. However, objectivity was decreased somewhat by allowing
subjects the opportunity to explain in writing their reasons for selecting a
particular answer if the predescribed answers were unsatisfactory.
Approximately 10 percent of the explanations given by the students tested
during this study were in the written form rather than one of the
predetermined responses.
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Table 4.05
Discrimination Indices of Each Item Scored on the Answer Only, the
Reason Only, and on Both Answer and Reason Together

Discrimination indices

Item no.

Answer

Reason

Both

I

0.0815

0.1845

0.2165

2

0.2403

0.2918

0.2900

3

0.4120

0.2189

0.2424

4

0.2060

0.2275

0.2727

5

0.3176

0.2961

0.2208

6

0.0687

0.0472

0.0866

7

0.3863

0.1845

0.1948

8

0.4163

0.2575

0.2944

9

0.2361

0.2232

0.2511

10

0.2532

0.2575

0.2987

Note. Ail comparisons based on upper and lower 45%. Items 1-10 relate
to force and motion, n = 509.
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Table 4.06
Discrimination Indices of Each Item Scored on the Answer Only, the
Reason Only, and on Both Answer and Reason Together

Discrimination indices

Item no.

Answer

Reason

Both

11

0.4936

0.3195

0.3766

12

0.3820

0.3305

0.3377

13

0.3648

0.3562

0.3810

14

0.2060

0.2489

0.2511

15

0.2661

0.2532

0.3202

16

0.1288

0.1116

0.1515

17

0.0515

0.1073

0.1039

18

0.3519

0.1459

0.1342

19

0.3605

0.0258

0.1039

20

0.2275

0.0730

0.1039

Note. All comparisons based on upper and lower 45%. Items 11-20 relate
10

neat ana temperature, n = ouv.
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Table 4.07
Discrimination Indices of Each Item Scored on the Answer Only, the
Reason Only, and on Both Answer and Reason Together

Discrimination indices

Item no.

Answer

Reason

Both

21

0.3991

0.2833

0.3160

22

0.3863

0.4893

0.5056

23

0.2618

0.3820

0.4199

24

0.2523

0.1888

0.1905

25

0.3004

0.2403

0.2554

26

0.1416

0.1116

0.2035

27

0.1974

0.2361

0.2338

28

0.3133

0.3476

0.2987

29

0.2747

0.3691

0.2684

30

0.3047

0.2747

0.2900

Note. All comparisons based on upper and lower 45%. Items 21-30 relate
to light and color. ii — 509.
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Table 4.08
Discrimination Indices of Each Item Scored on the Answer Only, the
Reason Only, and on Both Answer and Reason Together

Discrimination indices

Item no.

Answer

Reason

Both

31

0.4549

0.4721

0.5108

33

0.3219

0.4249

0.4329

33

0.1931

0.2318

0.2468

34

0.3047

0.2704

0.2641

35

0.2232

0.2532

0.2987

36

0.3519

0.3476

0.4199

37

0.1459

0.1245

0.1948

38

0.0901

0.0901

0.1299

39

0.3348

0.2146

0.2121

40

0.1159

0.1545

0.1169

Note. All comparisons based on upper and lower 45%. Items 31-40 relate
to electricity and magnetism, n = 509.
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Useability
The usefulness of the instrument was examined at three different
levels: (a) reading level, (b) time of administration and scoring, and (c)
incorporation of test results into teacher instruction. The reading level was
determined using the computer software Grammatik IV (Wampler, Haines,
Burch, & Moore 1989). This software reports readability statistics relative
to grade level and reading ease. The grade level is determined with the
Flesch-Kincaid Grade Level formula (Price, 1989). The reading ease score
is determined with the Flesch Reading Ease formula (Price, 1989). Using
these two formulas, the reading level for the MISQ was rated at grade five.
Instrument usefulness relative to time and instruction was determined
through teacher interviews conducted at the end of the study. The results
of these interviews are described on the following pages. The data are
presented according to ten questions asked of the teachers to determine why
the information was or was not used, how it was used, what affected their
decision, and the means to persuade teachers to incorporate information of
this type into their instruction.
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Teacher Interviews
Question 1 : What is vour opinion about the mathematical versus the
conceptual approach to phvsics/phvsical science instruction?
Most of the teachers indicated a need for both a mathematical and a
conceptual approach to physics/physical science instruction. The ideas
expressed appear to represent a range from those who think mathematical
principles and scientific concepts are inseparable to those who embrace the
conceptual approach to science instruction. Whereas Mrs. G had no doubts
about the math content of her course,
I think it’s totally necessary. In many cases I have to teach math
concepts before they learn them in their math classes. . . . I think it is
just got to be that way because you have got to have the math with it
if they are going to . . . apply physics .. . without the math there
could be no application almost. Most of the application of physics
involves problems. Problem-solving. Without the math you don’t
have problem-solving. So, I rely heavily on that.
Mrs. S and Mr. J, who teach at a magnet school, qualified their stand based
on their students ability or educational track. When asked about the math
content of her physical science course Mrs. S responded, "That’s good.
Especially in science when you should be involved in forms of math skills
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because it is so important in science . .

She went on to qualify the

degree or intensity of the math content based on student ability.
Rigorous? Right! I don’t know if I’m answering that in terms of on
the magnet school level or maybe I’m not thinking about fundamental
type schools. Maybe it’s enough there but in terms of your classes in
the engineering class I think it [math] should be a good bit more. But
just in terms of just a regular setting high school, it might be enough
’cause you wouldn’t want to turn the students off if they see so much
math involved.
Mr. J also justified the mathematical approach he used based on student
ability.
We, at the honors level program, I feel that we’re definitely gonna
cover college prep and not apologize for any math that I throw in.
Maybe sometimes with the regular kids, I get a little too mathematical
but I try to keep it down to a minimum. I don’t really think you can
teach a good solid college foundation course [physics] without the
math.
Mr. C ’s and Mrs. H ’s responses appear to place them somewhere in the
middle. Mr. C implied the need to use both a conceptual and a
mathematical approach based on student preference.
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I have a book that just teaches conceptual physics. And to me it’s a
little bit hard to separate the two because I’ve always taught the
problems and the concepts in an integrated form. And we depend
some on the problems to help get the concepts across too. . . .

So it

helps them to be able to think about it and go back and re-read the
concepts and 1 like both because the concepts type physics, to a lot of
students, are more interesting. It tends to catch their interest. . . . and
some students like both-concepts and problems. But you can pick
them out in a week’s tim e-what a student’s gonna like.
Mrs. H indicated a shift in her instructional approach from quantity to
quality relative to mathematical problem solving.
I ’ll tell you one thing 1 did do . . . 1 stopped [giving] a page of
problems to do. And 1 just gave them one problem of one idea. 1
figured if they could work one problem, well that was all that was
necessary leaving more time to spend in explaining and that kind of
thing. Rather than having them spend a whole hour working a set of
problem s. . .
Mr. R, who is also an algebra teacher, appears to lean toward utilizing the
conceptual approach to avoid or work around students’ fears of math.
I think the conceptual physics is a whole lot easier to teach than
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mathematical physics. Because there are enough people that have
phobias against the math. And when you deal with the phobias with
the math, then you’re getting another one. But conceptually you can
present a concept related to the real world and through activities begin
to disprove some of the common, you know, the common
misconceptions. I mean, I give them a battery and a paper clip. I
don’t give them a wire. If I gave them a wire, they’d think that
they’re not getting shocked because the plastic is on the wire. Give
them a paper clip and they realize six volts traveling through a wire
won’t shock them. Then go back and relate that to one-hundredtwenty volts. One-hundred-twenty volts will give you a real nick in
the nose. But, then too, the battery does no have a lot of push to i t . .
. So to try and-they ask—"Goo, am I gonna get shocked?" I ’m not
touching this battery with this paper clip." No contact in the world.
Never dealt with it.
Summarv
Three of the six teachers indicated a definite preference for the
mathematical approach to physics/physical science instruction. One of
these comes from a strong physics background, while the other two teach in
a magnet school with an engineering based curriculum. The other three
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teachers appeared to be more willing to use the conceptual approach
partially if not completely. These teachers appear to be more concerned
about their students' mathematical ability and hence more inclined to use
an alternative approach.
Question 2: Why is so much more time devoted to mechanics (force and
motion) than the other concepts— heat, light, and electricity?
This question was presented to the physics teachers to determine why
so much more importance or emphasis appears to be placed on teaching
mechanics over the other concepts typically covered in high school physics
courses. If adequate time is not allotted to explore certain concepts, then
an inference could be made that misconceptions in these areas may never
be corrected. The explanations offered generally fell into three categories:
(a) difficulty with concepts, (b) difficulty with math, and (c) the amount of
content. Mrs. H justified the time devoted to mechanics based on the
difficulty students seem to have grasping the concepts.
That’s about it. That happens and it happens every year. . . . What
happens . . . is you get bogged down at the very first with, when you
get into — for example, one chapter in the book . . . projectiles . . .
there’s so many things in these twelve pages. I guess, I don’t know,
what else to do. You just really get bogged down. The whole
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idea— sometimes they catch onto it very quickly but usually they
don’t. You have to continually go over it and over i t . . . I think one
of the reasons you get bogged down is they [the students] have such a
difficult time at the beginning [understanding diagrams] . . They can’t,
they find it a very difficult idea. Again, it’s the graphic with
them...Give them a lot of graphics to try to get them

it’s not a

picture....So what happens is you get bogged down at the first nine
weeks and there are twelve w eeks. . . I end up like I did this year.
Mr. J and Mr. C justified the time disparity based on the need to review
students on certain math skills. Mr. J conunented,
Yeah. I’ve been a physics teacher for about six years now and I’m
still working on trying to get through mechanics a little bit quicker
and I’d like to get on some of these advanced topics like light and
electricity and spend a little more time on them. I ’m not always able
to do that. I think one thing I’m thinking about doing is maybe I’m
just gonna have to assume that when they come in here they know
certain things. I shouldn’t have to go over the metric system again,
how to measure, round numbers off, and they’ll have to pick it up as
they go along. . . . And I don’t know how well this would work with
just the regular kids, you know, but you see, you’re working with a
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whole different ball game here . . . I suppose with a select student
body. But I think you gotta try and let them get some of this stuff on
their own and let them leam by their mistakes. That’s another thing
that I firmly believe. That you leam by your mistakes and I set them
up a lot of times to make mistakes . . . And I tell them flat out it’s
your job to make mistakes and leam from it. Just be sure you make
them at the right time.
Mr. C ’s response was,
. . . if the teacher’s time is fairly balanced then they should be able to
balance it with the students. Unless they’re getting the students
caught up in math or some deficiency has to be corrected with the
student.
Mrs. G placed the blame on curriculum guide requirements by saying,
. . . if you will look at the curriculum guide you will find that
obviously easily half of the curriculum guide is devoted to the
mechanics topic and maybe three or four pages might be devoted to
the other topics related to physics. I think that it’s safe to say they
[developers of the guide] spent more time on mechanics than they do
on other main topics. . .
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When asked if the guide gave any kind of justification for its scope and
sequence, Mrs. G replied, "No! None whatsoever."
Summarv
Two of the four teachers responding to this question indicated that the
problem centered around the need to remediate students lacking the
necessary math skills. One teacher indicated that the increased time was
due to students’ difficulty in understanding many of the abstract concepts,
especially those depicted graphically. Two of the teachers placed the blame
on the amount of material they were required to cover. In one case this
was related to the amount of content devoted to mechanics in the text book
and with the other it was the curriculum guide.
Question 3: Do vou use diagnostic testing prior to teaching as part of vour
instructional planning?
Three of the six teachers interviewed indicated that they do administer
some type of diagnostic test prior to instruction. However, the tests are
designed to identify math and/or reading skills and are administered only at
the beginning of the year. Formal pretesting for science content was rare.
As Mrs. H explained.
Well, yeah, I do that. As a matter of a fact that’s how I start the year
out. The first thing ! do is ! just administer a general pretesting
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check—math skills and science and science invention . . . . Then what
I do with that is I, depending on how we fair, I drill them on things
like scientific notation . . . . I don’t do anything formal, like
standardized diagnostic tests.
Mrs. S explained that she does not pretest every year, nor does she pretest
every class.
Sometimes, not all of the time. I have a test made out from several
test books . . . . But starting next year, with the new book and with
the computer disks with the chapter reviews, I will be able to do that
with all the classes next year and will be much easier because of the
projection screen, and I will be able to do that. But, I don’t do it on a
regular basis.
Mr. C also indicated occasional usage, when he said, I do at times.
Usually at the beginning of the year, I use some diagnostic testing for
reading and math problems and then occasionally I’ll give them some
questions from what I expect them to know before we get into the chapter.
I ’d like to do more. I think it’s a big help to the students-it helps the
teacher to plan . . .
The primary reason given for the lack of diagnostic testing was time, as
evidenced in the following statements. Mrs. G stated,
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I- I t's because of the time factor. W e’re expected through the State
Curriculum Guide to cover so much material and we have trouble
covering that material in the amount of time we got and on other
things. Its-I just don’t have the time to do it, mainly.
Mr. J identified his reason as, "The time factor mostly. And besides, I
know pretty much where to start around here now. And, if they have
trouble with it, I do review some basic principals from year to year."
Mr. R also identified time as a key consideration when he said,
I don’t use a real formal diagnostic test where that basically, you
know, I give them a test and then I take it and grade it and that kind
of stuff. You know that would be a great way to teach and it would
be nice if I had an instrument. . .

You’re teaching three different

courses. Time is a premium.
Although the teachers acknowledged that diagnostic testing was a
good idea, they indicated that they would not use any instrument, imless it
required very little grading time. Mrs. G put it this way, "I’d like to [use a
diagnostic test] . . . And, it would show you what you’d need to
emphasize, what you need to de-emphasize. I don’t have time to do it. I
can’t get it all covered anyway." Mr. R echoed the same sentiments when
he said,
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. . . It would have to be an instrument that was, you know, that I
could get some statistics out of real fast. Grading an instrument that
has a lot of reading involved, you know, on a regular basis . . . It’s
not that much time . . . But if you . . . gave one of those short
instruments, you know, five to six points, its hard to grade that, I
mean, you know, that’s . . . two to three times a week. And I give
those because I want to give an essay test at the end where I have to
spend the whole weekend grading.
One teacher also indicated that the information obtained from a diagnostic
test could cause him more problems than he could accommodate. Mr. J
stated, "If I find that a whole bunch of kids are having a whole bunch of
different problems. I’m not sure how I’d know how to use it any way, due
to the time factor."
Summarv
Three of the six teachers indicated that they administer some type of
diagnostic test at the beginning of the school year. These tests are given to
identify the math and/or reading skills the students’ possess. It was evident
that none of these teachers ever repeated this process throughout the year.
Half of the teachers interviewed stated that there was insufficient time to
include diagnostic testing as an instrucdonal strategy. One of these went
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on to say that if the testing revealed additional problems he was unaware of
there would be too little time to address these new concerns anyway.
Those not testing also indicated that they would not consider using any test
for diagnostic purposes unless it required very little time to grade and
analyze.
Question 4: Did vou use the MISO test results in any wav? If so. how
was it used? Why? Why not?
Three of the teachers indicated that they did not use the test results in
any way. Two of the three nonusers stated that a lack of time was the
reason for not using the results. One of these, Mrs. S, also expressed a
concern regarding the time required by the students to read the test, and
offered this as a criticism of the instrument. According to Mrs. G,
I have not y e t . . . The time is an important factor with me. . . . it
takes a great deal of preparation time outside of the classroom
anyway, a lot of time. And I just felt like I didn’t have the time to
devote to it; to sit down and analyze and look at it. I hope to do that
over the summer when I have time to do it. . . . there is just no
available time to analyze the results and see all what’s in it.
Mrs. S stated.
Not really. I did look through i t I like it but it’s--it will be-tim e
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will be another factor as far as the teacher is concerned in grading the
papers. But I don’t mind grading papers. I really enjoy doing it. I
like to see how students express themselves. Yeah, it’s a time factor.
A very well designed test and 1 have no qualms about it whatsoever,
but it’s just so time consuming, and generally when students have to
read a lot of things it’s sort of—it will turn them off.
The third teacher indicating nonuse of the test results never gave a specific
reason why. He appeared to believe that students’ learning problems were
related to their developmental level. He appeared to use the test items as
indicators of potential problem areas within the whole class. Student
responses to the items were ignored for the most part. As Mr. J stated,
I didn’t total all the results up. 1 did spot check some questions and I
wasn’t too surprised at a lot of the stuff that was uncovered. In fact,
when I took the test myself, I could see what they [the students]
would have difficulties . . . . I spot checked some of the individual
tests just to see how they were doing and I wasn’t too surprised at
what I saw and like I said, when I took the test generally I could see
questions that I knew they’d have trouble with. I’ve taken some of
these courses before—the developmental thinking . . . .

The ones that

are abstract thinkers, they tend to not have these misconceptions or if

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

118
they do, they tend to discard them a lot easier.
Mr. J went on to describe how he used discrepant events to confront
erroneous ideas detected among his students.
I remember early in the year, they talked about the concept of the
center of gravity which wasn’t directly addressed in the textbook and
some other things they had some weird ideas about it. And I ’ve got
this little disk and you can’t tell if there’s a washer connected onto it,
off centered. And they all said if I put my finger right on the middle
of those disks-I kept trying to do it and acted like I was having
trouble and it kept falling off my finger-and they were laughing at
me. I said let me try it the other way. I put it right under the true
center of gravity-it looked kinda weird sitting on my hand-off
centered-balanced perfectly. That kinda woke some of them up and
maybe some of the other things I do.
He also described using argumentation or discussion strategies to address
concept errors.
There’s other cases where I might ask a hypothetical question about
how they think something will work and when they tell me and I
know it’s wrong, I just try to deadpan-I try to carry the thought of
logic a step further and till they can see for themselves where it’s
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going and 1 drop back and start over again.
Two of the physics and one of the physical science teachers reported
using the test results in planning learning activities for their classes. In
some cases the items themselves or the concepts presented on the test were
used as the focal point of discussions or learning activities.
Mrs. H used the items as focal points of discussion.
I think I called out and used eight of your items and I didn’t do
anything else. But those were nice drills because they were getting—
they got into some nice discussions . . .shared ideas . . .because each
of them had their ideas about what was going to happen, and why.
And so they gave us some real good discussions . . .
Mrs. H also indicated that she used the students’ responses to the items as
criteria for grouping. Students were grouped together with different
misconceptions and urged to argue their different points of view. The
results were not as she expected.
I tried to put people in groups who had different ideas so they could
look at their individual ideas and group them and make sure I had one
person in each group who disagreed with the other two . . . had each
group have a discussion and they would convince whoever was right
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that they were wrong, particularly the weaker student who had the
right answer. Then that person would be more easily persuaded.
Mr. C used the results as a guide to plan classroom experiments. This is
evident in his discussion of the subtest on light.
After the test, I had an experiment where we gave the students a
chance to get hands-on experience on the area of light where they
needed to think about the concepts involved, see the results of our
experiment that demonstrated the concept and then answer questions
about it. Also, we had a few, a few discussions in class. I didn’t go
down through the test book verbatim, I think, next time I ’ll make a
list of areas where they’re weak and focus on those. I really just
didn’t have time to and didn’t know what to expect. With this
particular test, but 1 do plan to give it again and I do plan to make a
list of where they’re having a problem and deal with that.
Mr. C also indicated the inclusion of some items on his final exam when he
said, ’’The areas that I felt were important enough to include in my
priorities, I went ahead and covered and put on [my] final test. And I ’m
gonna tally it out and see how it comes out." Another teacher used the test
results to identify the most prevalent misconceptions, around which he
developed learning activities. As Mr. R explained,
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Yeah, I used it to plan basically what kind of misconceptions most of
the kids had and see where their misconceptions were and from there
to make sure that whenever I taught content material, or designed the
activities that went into it, that I would design things that would meet
the needs of those kids, just to prove to them that their basic
background experiences were not correct.
He went on to describe an example of this occurrence.
The basic-one of the simplest examples is electricity. I mean, if you
get them to draw a circuit-I’d say eighty percent of them draw a
circuit where a wire goes from one part of the battery to another.
That’s fine. The do that up front. But they take that bulb and stick it
in the middle of a wire and only attach it to one place. And can’t get
the light to light. And in that way, you simply plan an activity where
you give them a bulb and say. Does it really work? And then when
they find out it doesn’t work then you can go back and say, O.K.,
you know, how does it work? Most of them cannot get it to work.
They can’t get it to light. So you explain the connecting points of a
bulb. Then you say, O.K., you solve that problem. O.K. now, once
you’ve done that, see if you can switch it around, somehow. Or,
magnets-you can saddle concepts of magnets and you can get them to
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agree with you that magnets attract metal. Magnets attract shiny
object. Well, you know, magnets won’t-they go through there and
test an object of those. You can get a very small magnet and windup
for a test. And it won’t stick. Magnets will stick to that blackboard
out there. Because, and it’s not shiny. And they have to figure out
why. I mean that astounds them. Once you move off a set and start
moving them around the room, you know, they start saying, "well
wait a minute, something’s here that’s magnetic." . . . it’s great for
designing activities that disprove their common misconceptions.
That’s the best use for it.
Summarv
Three of the six teachers did not use the test results in any way. The
main reason given was that there was not enough time to analyze the
results. These teachers appeared to be more interested in knowing which
concepts are difficult for students to understand rather than knowing that
specific numbers of students or even that specific students were having
problems grasping a certain concept. The other three teachers reported
using the test results in planning learning activities in their classes. The
items themselves were sometimes used as focal points for classroom
discussions. One teacher used the results to form cooperative learning
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groups in which various points of view could be argued. Two of the three
users developed laboratory activities to challenge the various concepts
present within the classroom.
Question 5: What assumptions do vou make regarding vour students if vou
don't pretest?
Teachers that do not pretest, must make certain assumptions regarding
the knowledge possessed by their students prior to instruction. Mrs. G’s
response was typical of those not testing.
I assume the material is basically new to the kids, with it, them being
exposed to the concepts on a limited basis, anyway, but they’ve never
had an opportunity to analyze the whys of physics. Why do your feet
stay firmly planted on the ground? They know it’s because of
gravity. What causes it, though? You know, they don’t have that
background because there’s no discipline that exposes them to very
much physics at all before they get into this class [physics]. They
teach general science on the macro level and those teachers spend
approximately nine weeks in four chapters of thirty-day elementary
physics background. And for the most part the kids have not been
exposed to it so I assume that they are not familiar with the concepts.
The problem with this line of reasoning is that students often are familiar
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with certain concepts, even if it is on an informal basis, for example
personal experiences with falling objects. It is this familiarity that leads to
the development of faulty concepts which interfere with the accurate
processing of the information presented in class. These teachers also
tended to generalize from one group of students to another based on their
prior experiences. In other words, if last year’s students had problems with
a particular concept then one may assume that the next year’s students may
have the same difficulty.
Summarv
These teachers tended to generalize to all their classes based on
previous experiences. This generalization was in the form of two basic
assumptions: (a) assume they know nothing (tabula rasa) or (b) assume
everyone has similar conceptual difficulties.
Question 6: Should misconceptions be addressed or is it sufficient enough
to teach in a general wav to the class? In other words, should the specific
needs of a class or student be addressed during instruction?
Regarding question 6, the general consensus was that misconceptions
should be addressed, but within the context of whole class instruction. The
idea of annual testing was not viewed as necessary by these teachers. Mrs.
H readily embraced the importance of addressing misconceptions and
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appears to question her past instructional strategies, as can be seen in this
dialogue.
Well, I think the idea of misconceptions is what’s fooling us simply
because students have areas in their brain that are closed off and they
say ‘I know this is the way it is and I’m not gonna think about
anything else because I already know this is right.’ . . .the whole idea
of misconceptions to me is to try and get the students to relinquish
these beliefs that they hold that are contrary to science. . . . they just
haven’t really changed their mind about things . . .

I guess I think

it’s just not approaching it somehow, not approaching it in the right
way . . . I think the whole idea of predicting and analyzing before we
start is the way to go. Because that is something teachers rarely do.
I think it’s worth a try just because we haven’t been doing it.
The teachers stated that they generalize from one group of students to
another and from year to year and indicated that class size would affect
how misconceptions would be treated. As Mr. J put it:
I never saw the value of just giving it year after year, to give each
new group of students a chance to look and think about some of
these things. I know the bottom line is to, so you can individualize
instruction, and I don’t think anybody is going to seriously do th a t. . .
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. once you’ve given it a certain number of years, the results ought to
be pretty predictable . . . .
Summarv
The responses to questions five and six were comparable in nature.
Again, the general view appears to be that these teachers make general
assumptions about their students based on past experiences. Whereas one
teacher appears to have begun to doubt the pedagogical soundness of this
practice, another sees no need to change.
Question 7: How manv of vour students would need to demonstrate having
a particular misconception before vou would address it through vour
instruction?
The reaction to this question was somewhat varied. Mr. C indicated
the need to present the material even if pretesting indicated understanding.
If you give a pretest, and most of the students know the concepts
already, then I still believe you need to give them some . . . exercise
in that area to validate the fact that they do know it because just
answering a few test questions and giving a reason why may not
totally prove they knowledgeably wrote that.
Whereas Mrs. S had no definite opinion, "I really--! can’t seem to answer
that question in terms of percentage as to how Î would use i t . . .," Mr. J ’s
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explanation was conditional.
. . . we’re talking in class and somebody raises their hand to answer a
question or ask me something and it comes out. The whole class, we
will probably address it. So, it’s all in how it comes out. I wouldn’t
say it’s gonna take a specific number to make me address i t . . . .
[However],. . . it takes 25 or 30 percent to get my attention on a test.
But if I’m going through grading tests, for example, and I find large
numbers of people who are having trouble with this specific answer —
the first thing I’m gonna do is go back and make sure I didn’t make a
mistake. But once it turns out that I didn’t then I ’m gonna look at
that kinda hard -- I’ll try to draw them out and see what they’re
thinking was. . . . I sat up there and showed them how to do it
correctly and whether it took or not, I don’t know.
Mr. J went on to state that class size would affect his reaction to individual
misconceptions and even identified an optimum size, ". . . you got to have
twelve and want to work with people individually."
Mr. R echoed Mr. J ’s concern regarding class sized when he stated:
When you got thirty people, you got thirty ideas to start with. And
probably 10 percent of them, maybe as high as 40 percent of them,
may be correct already. I guarantee you . . . in the sixty kids I had
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this year when you gave them the light bulb, there was one-sixtieth
who knew what to do. That left 59 out in the cold . . . . 59
misconceptions of how a light bulb lights.
Summarv
Half of the teachers gave no indication as to the number of students
that must demonstrate a certain view before they would address it. Among
the others, one teacher felt the need to cover all concepts in class, even if
pretesting indicated understanding of the concept. Another teacher
indicated that at least 25 percent of his students would need to show a lack
of understanding on a test to get his attention. Two of the teachers
indicated that class size was an important factor in determining the answer
to this question. They both suggested that large classes would deter them
from addressing an erroneous view help by a single student unless the
student personally requested assistance.
Question 8: How important is it for students to understand verv abstract
ideas, such as vectors and rav diagrams and do thev make anv connection
between these ideas and the real world?
Mrs. H stated that abstract concepts were important; however, in her
opinion students fail to see relationships between similar activities,
I guess it depends on what it is you’re trying to d o . . . They
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[students] need to be doing some abstract things . . . But do they
relate t h a t . . . I don’t think they do. It seems to me that students
should go to lab and even if they do the lab part, if they can actually
measiu'e image size and measure distances with the lens and all this
kind of things, then they are given problems to solve at their desk or
their seat, they don’t make any connection between that and what they
did in lab. . . .it is so vague in their head.
Mr. R appeared to link students’ developmental level with the need to use
concrete examples within their likely range of experiences. He saw no
need to use real world examples with which students could not relate.
I don’t try to show the relationships to the real world. Because, I
mean, you know, why would the kid even want to leam if he has no
idea where it’s being used. It’s a, you know, a misconception. Sit
down with any group of kids and talk to them about. . . skills . . .
used by engineers. Poor kid has no idea what an engineer i s . . . . I
mean that doesn’t sound very inviting to . . . a twelve, thirteen,
fourteen, fifteen, seventeen year old kid. Oo, I don’t want to do that.
If you don’t really show how it’s used in a real world, it’s not really .
. . worth teaching. Vector analysis —I mean, surely there is
mathematics involved and you can make some nice diagrams, you can
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do some nice calculations. But where're you headed? . . . If you
went for a day and . . . taught. . . something that made no sense . . .
what would you do with the information at the end of the day?
Exactly what the kids do at the end of the hour — dump i t . . . . And .
. . i f the kid’s formal operational, he may say, "Gee somewhere down
the road I may use it." And when you’re teaching concrete
operational people, hey, that doesn’t make sense, they don’t have any
use for it. And of course, when you’re teaching twelve and thirteen
year old kids, all they want to become is rock stars and football
players.
Mrs. G liked the idea of using common, everyday objects to reinforce
certain concepts she tries to teach.
I think it [experience] plants it [concept] in their minds much more
firmly. . . . No chance of forgetting iL . . . do a demonstration, or
laboratory experience at the time.. . . In years past, I have actually
brought out a great big concave mirror . . . And it may have been
effective but I don’t think it was . . .

But the spoon, I thought, was

much better than this big mirror. I don’t think I even brought the big
mirror out this year at all. I think I’ll just use the spoon as a
demonstration.
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On the other hand, Mr. C liked to used experiments or demonstrations prior
to introducing an abstract concept to guarantee the students have something
to which they can relate.
They certainly need some concrete knowledge before you get into the
abstract. Students are challenged by the abstract and can have some
degree of success but should not do anything if they need some
concrete first. So we do demonstrations, I even have sometimes
introductory experiments . . . Well, if you can give students good
demonstrations, it’s gonna lead into the abstract that you’re gonna
deal with. And they have something they’ve seen, heard, maybe felt
and listed on paper.
Mr. J also agreed that concrete experiences were important and the
laboratory was the instrument through which these experiences were
provided.
Yeah. I try to do that as much as possible. Like with the ray
diagrams we had a little device back there [in the lab] that put light
on the rays and you put this special lens in it. You could actually see
them with converted lens, you could see parallel rays coming together.
I just showed them and they experienced something else and then
something else was abstract for them was construction of an image.
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And I got across the point that you can make a - I showed them a
case of converting lens -- converging lens and then showed them a
real image you’re projecting on a screen. We actually went outside
with the converging lens. We got a small picture of the football
stadium upon the wall of the building, and showed them how it was
inverted and how because this building was far away, we had to move
the screen very close to the lens. That was the first step inverting.
They got across the point, too. You had to put the screen in the right
place.

And then the result of the. . . experiments re-enforced that

same principle again. So I try to help them with the equipment as
much as possible — let them see for themselves.
Mrs. S indicated that concrete examples were presented if time permitted,
otherwise only the abstract concept was presented.
. . . if time presents itself we do have them to use the microscope or
some hand lens to see these things. But sometimes we run out of
time ’cause we need to get this in because of this extra test and
sometimes we have to bypass some of the lab with demonstrations
and try to get it in which is not too good because students that have
just been fed this information and you don’t really know if they’ve
comprehended or not. But generally when you use the lab, along with
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your lecture, it’s more involved and it takes a longer time and the
students understand better. So I would say basically if time — if
time —permits we do have them to actually see this instead of from
the abstract point of view. But sometimes we have just to go on with
the abstract.
In addition to providing experience related to the abstract concepts, the
laboratory has an additional purpose. As Mr. J explained it,
there are certain things I feel that I need to address and one of them
involves lab work. I find a lot of them [students] are just lost back in
the lab. They have no idea how to organize the experiment. . . so I
want them to touch the equipment. And, so . . . I’ll sit with them. I
have three or four experiments going at once. And if I see they know
what to do and are getting along o.k. I let them go. But I found that
these are kids who are actually afraid to touch the equipment. At
least that’s what it looks like - And they’re setting there just looking
at it. And I tell them I say experiment is not only a noun but it’s a
verb too. So experiment. . . , And once again, we’re worried
about - in this school about - kids going off to college and lot of them
are going to have to take science courses whether they want to or not.
And I think they 11 do better, if they re not intimidated by the lab.
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Mrs. H also expressed a concern for preparing her students for college.
That’s another dilemma we get into. What you try to do is get these
kids ready to go to college and major in science. If that’s what you
really want to do . . . problem-solving . . . That’s pretty much what
we do in our school, at least for the chemistry and physics. We try
and give them some coverage and particular preparation for college.
Summary
All of the teachers attached some importance to the teaching of
abstract concepts. Two of the teachers implied that this need was related to
the preparation of their students for college. Five of the six teachers
indicated the need to provide concrete examples prior to or in conjunction
with the abstract concept. Among the four physics teachers, three preferred
to use laboratory exercises to provide these concrete examples and one
preferred to use demonstrations with everyday objects (e.g., a spoon for a
convex mirror). One physics teacher expressed a concern that her students
often fail to see any relationship their laboratory activities and similar penand-paper problems. There was considerable difference between the two
physical science teachers. One considered students’ developmental levels
as an important consideration in deciding how to present a concept. This
teacher also nreferred to onlv use examnles with which the students were
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familiar. The other teacher, however incorporated concrete examples only
if time permitted.
Question 9: What is vour opinion of this test particularly relative to
identifying misconceptions and the specific format used?
All of the teachers liked the test-item format but only three stated that
they would continue to use the test. Mrs. H indicated an awareness in the
value of pretesting based on use of this instrument.
. . . after my experience this year, I think definitely it’s a good idea to
do the pretest. I think it’s a good idea . . . to find out where the
students are before we start. To find out what kind of confusion they
have. So yeah, I think definitely there is a need . . . whether it’s your
particular items or not to do some kind of pre-evaluation.
Mrs. H also stated that she found it beneficial to have the students give a
reason for their answers.
. . . judging what we found, the reason is probably more important
than the answer because sometimes they give the right answer with
wrong reasons and if you just relied on the answer alone you would
think they understood it. . . . So I think you could get a better idea of
what they really believe when they give them the answer and reason.
Mrs. G described a slightly different use for the test. In her opinion, the
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test would best be used as a posttest to aid in planning future instruction.
I think the test is good. And I would probably use it as a post-test at
the end of each year. I believe there are a lot of misconceptions . . . I
would like to use it as a "Approach Teaching" test to see if the
misconceptions are still there after the children have been taught to
evaluate my teaching to see what changes I could possibly make as a
result of how effectively I taught the material.
When asked why she would use the instmment in a posttest only situation,
Mrs. G went on to explain,
I think probably because I assume the misconceptions are there to
start with. They, they might, they might get the right answer to the
question but I think . . . they really don’t know the reason . . . they
know what’s gonna happen in most cases but they don’t know the
whys of it. And I feel like I would not use it as a pre test because I
feel the misconceptions are there and a lot of times they know the
answer but the reasons are not correct. I think after they have, after
they have been taught the material, then if the reasons are still wrong
then I’m failing as a teacher and I can tell that from that test.
Mr. C implied that he would use the test again and would use it prior to
instruction.
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. . . but I do plan to give it again and I do plan to make a list of
where they're having a problem and deal with that. The areas that I
felt were important enough to include in my priorities, I went ahead
and covered and put on the final test. And I’m gonna tally it out and
see how it comes out.
Mr. C also indicated a concern to have the items linked with specific
curricula objectives.
Well, the benefit to me is the frequent targeting the areas that we can
watch out for and our objectives we can relate each test question to a
specific objective or concept in physics. And knowing ahead of time
that a lot of students have problems with a certain objective, well,
then a lot of us can spend more time on it or do it different.
Neither of the other three teachers indicated an interest in continuing to use
the instrument in a standard pretest fashion. Although Mrs. S praised the
instrument as a valuable tool, she indicated that the time required for
grading it would tend to discourage her from further use.
1 would use it as a pre and a posttest. But as 1 indicated the time
factor in grading it, if you were to set it up where you could use a
Scantron, you would still have to use the part there where the students
had to express themselves - as to why they would answer the
questions the way they did.
Mr. R also interjected his concern regarding the instrument and time. He
indicated that due to time constraints only certain teachers would be prone
to use this instrument as it was administered during this study.
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1 think it’s a good idea. Doing the research is fine and everything.
But it goes back to my original comment. If you take that test and
publish it, I don’t know whether a lot of the teachers would in the
long run use it. Because of the time constraints. You get somebody
that’s really interested, that’s really doing a good job —yeah.
Mr. J described receiving an additional benefit that was not anticipated.
I think - the thing that helped me — was it helped me realize I wasn’t
the only one having these problems and that’s a major thing with
teachers more than you think. Well, 1 think sometimes individual
teachers get frustrated with some silly problems and they think it’s
something they’re doing wrong. And that’s a hard part of the job and
when you realize it’s natural to have these misconceptions and address
it that way, I think it makes you a little bit more confident and also I
think, to me, it helped clarify for me some of the difficulties that they
had.
Mr. J went on to explain that being aware of what some of the
misconceptions are gave him more confidence in dealing with the problem.
I knew they were having problems in certain concepts . . . instead of
knowing that they didn’t have the right idea, also, I knew the wrong
idea, it helped with the fact a little bit —like I didn’t realize that they
thought maybe light just kinda came from the sun — step from under
the tree and light was just there —you see I didn’t realize that sorta
stuff was inside their heads.
Mr. J went on to say that the instrument would be useful as a means to
stimulate students to think.
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I think there’s value in giving a test like that. You know, to get the
kids to thinking also, and to, I think, it ought to be pretty good in
giving preview of the course and it might get them to thinking along
certain lines.
However, he again indicated that the results would become redundant after
several administrations of the test.
. . . I think after a while, the results will be statistical. . . . the
numbers become predictable after a while, but it will make you aware
that you’ve got these problems.
Summarv
All of the teachers stated that they liked the item format used with the
test. The appeared to be intrigued with the idea of requiring students to
provide both an answer and a reason. Only three indicated an interest in
the continued use of items in a test format. Two of the three displayed an
increased interest in using the instrument in a diagnostic manner prior to
instruction. The third member of this group expressed an interest in using
the instrument in a posttest fashion to analyze past performance and aid in
future instructional planning. Again the idea of generalizing to future
students is prevalent. The remaining teachers expressed no desire to used
the instrument as it was administered during this study because of the
amount of time it would involve. One teacher indicated that knowing of
the existence of these alternative ideas provided him with added confidence
and helped with his instructional planning. This teacher also stated that the
question design was useful in motivating students to think, but that for the
teacher the results would eventually become redundant.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

140
Question 10: What is the best wav to increase teacher awareness about
misconceptions and the best medium through which to introduce teachers to
strategies that address misconceptions?
All of the teachers agreed that one of the best ways to increase
teacher awareness of any topic is through workshops. Some of the
comments follow; (a) "Workshops! You can write all the books you
want. . . you can give all the presentations at NSTA you want. . . .
reaching the general public —the only way to do, is through concentrated
workshops . . ."; (b) "I would say workshops are probably the best way
because that way the teacher can ask questions and see what’s going on and
see what’s happened to other people."; (c) "In-service workshops. That
would be one way."; (d) "I suppose going to workshops, you could try to
sponsor a workshop and you might get a few interested people. But that’s
kinda iffy [sic]."; (e) "I think workshops can be excellent if they’re
properly done for a specific group of teachers."
Several of the teachers indicated that successful workshops address
teacher-specific or content-specific concerns. One teacher explained, ". . .
there is a minimum of what you pick up from [a generic] workshop that
you can take back and use in your specific classroom because it wasn’t
specific enough for your needs." Another stated, " . . . teachers like to have
a plan laid out for them. [If] other people have tried it and it worked, it
seems to make a difference . . .

I think most teachers are looking for

better ways to get ideas across to kids." Still another went on to say, ". . .
the only way to [reach the general public] . . . is through concentrated
workshops, on specific topics. At least that’s what the last five years have
told me."
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Mrs. G even described a specific workshop that impressed her because
the demonstrations were videotaped and a copy given to the participants for
later review.
I attended a workshop back in January of this year that I thought was
absolutely excellent. It was wonderful. . . . The speaker . . . had one
physics demonstration after another for about two and one-half hours.
And they gave us topics. They gave us video tapes of this conference
after they went back and took time to edit it, etc. And several of
those demonstrations, I plan to use next year. But I think the video is
a good idea. I would not have gleaned as much from that conference,
I think hnd they not sent a copy of the video. It was just excellent.
And it’s probably the best workshop I’ve ever attended and I ’ve
attended about 4 or five of them, I suppose.
These teachers stressed the importance of interacting with one’s
professional peers and indicated a lack of this type interaction within the
school setting. As Mr. R describes it,
I mean, I went to a workshop on Saturday - last Saturday — there
were twenty-six teachers in the room. One of those people belonged
to Louisiana Science Teachers Association. None of them belonged
to the National Science Teachers Association. They don’t get the
publications. They don’t read the publication. They don’t know they
exist. You know. They deal with what — with their situation out
there. The only way anybody ever touches them as far as science
education was through a Title n workshop. That’s the only way they
ever got it. They don’t read.

They never had a discussion with
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anybody. If they’re, one of two or one of one science teacher in a
building —who do they talk to? [They] talk to the p.e. teacher [or]
the math teacher. They don’t talk about science education.
Mrs. S indicated that some interaction did take place among science
teachers at her school. However, the ideas discussed appear to be related
more to classroom management and curricula concerns than specific
teaching strategies.
Yes. We’re supposed to have [departmental meetings] at least once a
month but we don’t have them. But we do get feedback as to what’s
going on in individual classes — things that maybe one teacher should
stress that would lead into the next course that a student will take.
We share ideas and things that we should present to the students and
how well the students are doing and maybe how long we should stay
on something to make sure that they get a very good concept of what
is being taught. . . . Mainly we stand in the hall and share our ideas
on what’s going on in our classes. But we do come together
sometimes to have feedback as to what is going on.
Graduate courses were also suggested as a possible means of introducing
new teaching concepts. Mr. J thought this would be the best way to reach
new or beginning teachers. He went on to say that the more experienced
teachers would be more resistant to suggested changes.
First thing 1 guess you’d have to try to do is incorporate this into an
existing course or maybe you could develop a new course around it. .
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. . ’cause most teachers go back to school to work on their masters. I
see nothing wrong with putting this into an undergraduate methods
course . . . You need to make these young teachers aware . . . They
are the ones most adaptable, too. They’re not the ones out here doing
the same thing for ten, twelve, fifteen years and [the older teachers]
don’t want to change ’cause they’re comfortable with it. That
happens to anybody in any job. They get to doing things a certain
way — they don’t want to change. So you start working on the newer
teachers who’s coming out.
However, Mr. J also suggested that graduate courses would reach the
greatest number of teachers, " And the graduate level, too - that’s probably
where you will reach the greatest number." This preference for university
course work seemed to be closely related to Mr. J’s distaste for after school
workshops. Both he and Mrs. S indicated that the school system needed to
let ". . . people out of school for a day . . ." or grant

. . leave with pay . .

." to attend workshops.
Summarv
Five of the six teachers indicated that the best vehicle for introducing
teachers to alternative methods to address concept development was
through workshops. These teachers stated that teachers were interested in
specific teaching materials or examples that have been tried and tested by
other teachers. Providing teachers with videotaped presentations that can
be reviewed at any time was also of interest to these teachers. These
teachers also exnressed a strone desire to have more ODDortunities to
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interact with other science teachers and exchange ideas. Only one teacher
suggested that graduate education courses would be the best avenue to
reach practicing teachers (see Appendix F for sample transcriptions).
MISQ Data Analysis
Quantitative Results
An analysis of variance of MISQ data using the general linear model
was performed relative to gender and the content nature (subject) of the
classes tested. This analysis indicates that no significant interaction effect
(p<.05) exists between gender and subject. However, a significant
difference (p<.0001) does exist among the main effects means, gender and
subject (see Table 4.09).
Table 4.09

for Gender. Subject and Gender bv Subject

Source of Variation

F

Type n SS

df

Gender

1202.27

1

38.87*

Subject

1928.15

2

31.17*

8.32

1

0.27

3169.24

4

25.62*

Main Effect

Gender by Subject
Model

n = 509. *£<.0001
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The main effects means were further examined using the Studentized
Maximum Modulus Test to compensate for unequal cell size. This test
indicates that there is a significant difference (p<,05) among the mean
MISQ scores for all the main effects subgroups (Table 4.10).

Table 4.10
Comparison of Main Effects (Gender & Subject) Means using the
Studentized Maximum Modulus (GT2) Test on the MISQ

Source of Variation

n

Means

s

Male

14.47

6.79

194

Female

11.27

5.24

315

Physics

14.27

6.07

267

Methods

11.86

5.72

70

Physical Science

9.98

5.27

172

Gender

Subject

n = 509. p<.05.
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A further comparison of gender by subject MISQ means indicates that no
significant difference exists among the means for the female methods,
female physics, and the male physical science students (Table 4.11).

Table 4.11

Modulus (GT2) Test on the MISO

Source of Variation

Means

s

n

Female(Methods)

1186.

5.72

70

Female(Physics)

12.69.

4.96

148

FemaIe(Physical Science)

8.68

4.31

97

Male(Physics)

16.24

6.72

119

Male(Physical Science)

11.67.

5.92

75

Gender(Subject)

Note. Means having the same subscript are not significantly different at
p<.05.
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A more vivid representation of the differences among the means depicted in
Table 4.1 is shown below in Figure 4.2. One can visually see that both the
female physics and methods students failed to outperform the male physical
science students.

QENDER(8UBJEC1)
■ MALE(PHY)

■ f EMALE(PHY)

^M A LE(PH Y8C I)

■ f EIIALE(PHY SCO

IFEMALECMETHODS)

Figure 4.2. A comparison of MISQ means for each gender-by-subject
group.
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Table 4.12

Subtest, Force and Motion, for Gender. Subject and Gender bv Subject

Source of Variation

Type n SS

df

F

Main Effect
Gender

81.87

1

28.86*

Subject

336.32

2

59.28*

1.07

1

0.38

450.79

4

39.73*

Gender by Subject
Model

n = 509. £<.0001

Table 4.13
A 2 X 3 General Linear Models Procedure on Test Results with the MISOSubtest. Heat and Temperature, for Gender. Subject and Gender bv Subject

Source of Variation

Type II SS

df

F

Main Effect
Gender

60.24

1

18.91*

Subject

185.95

2

29.19*

4.83

1

1.52

257.70

4

20.23*

Gender by Subject
Model

n = 509. *£<.0001
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Table 4.14
A 2 X 3 General Linear Models Procedure on Test Results with the MISOSubtest. Light and Color, for Gender. Subject and Gender bv Subject
Source of Variation

Type II SS

df

F

Main Effect
Gender

74.68

1

14.83**

Subject

50.79

2

5.04*

Gender by Subject

0.19

1

0.04

117.01

4

5.81**

Model

n = 509. *£<.01. **£<.0001.
Table 4.15
A 2 X 3 General Linear Models Procedure on Test Results with the MISOSubtesL Electricity and Macnetism, for Gender. Subiect and Gender bv
Subiect
Source of Variation

Type II SS

df

F

Main Effect
Gender

85.05

1

17.02**

Subject

53.12

2

5.31*

Gender by Subject

0.01

1

0.00

119.64

4

5.99**

Model

n = 509. *£<.01. **£<.0001.
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Each subtest was also examined in the same manner as the entire
MISQ. Analysis of the four subtests uncovers results similar to the MISQ
analysis relative to the main effects variables, gender and subject (Tables
4.12 - 4.15).
A post hoc comparison of main effects means shows slightly different
results from the MISQ analysis for the force and heat subtests (Tables 4.16
and 4.17). The mean scores for the methods and physical science students
do not differ significantly (p<.05) on these two subtests.
Table 4.16
Comparison of Main Effects (Gender & Subiect) Means using the

and Motion

Source of Variation

n

Means

s

Male

3.94

2.06

194

Female

2.97

1.74

315

Physics

4.15

1.92

267

Methods

2.67.

1.52

70

Physical Science

2.37.

1.47

172

Gender

Subject

Note. Means having the same subscript are not significantly different at
p<.05.
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Table 4.17
Comparison of Main Effects (Gender & Subiect! Means usine the

Temperature

Source of Variation

n

Means

s

Male

2.82

2.13

194

Female

2.07

1.72

315

Physics

2.92

2.03

267

Methods

2.11.

1.87

70

Physical Science

1.58,

1.40

172

Gender

Subject

Note. Means having the same subscript are not significantly different at
p<.05.
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For the light and electricity subtests (Tables 4.18 & 4.19), only the mean
scores of the physics and physical science students show a significant
difference (p<.05).
Table 4.18
Comparison of Main Effects (Gender & Subiect) Means using the

and Color

Source of Variation

n

Means

s

Male

3.57

2.50

194

Female

2.83

2.10

315

Physics

3.35.

2.29

267

Methods

3.16,b

2.20

70

Physical Science

2.72b

2.28

172

Gender

Subject

Note. Means having the same subscript are not significantly diAerent at
p<.05.
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Table 4.19
Comparison of Main Effects (Gender & Subiect) Means using the
Studentized Maximum Modulus (GT2) Test on the MISO-Subtest
Electricity and Magnetism

Source of Variation

n

Means

s

Male

4.14

2.50

194

Female

3.40

2.08

315

Physics

3.86.

2.31

267

Methods

3.91..,

2.12

70

Physical Science

3.32,

2.25

172

Gender

Subject

Note. Means having the same subscript are not significantly different at
p<.05.
Examination of gender-by-subject means reveals slightly different
results for the force subtest (Table 4.20) as compared to the MISQ. There
appears to be no significant difference (p<.05) between the mean scores for
the female methods and all physical science students regardless of gender.
In addition it can be noted that the mean score for the methods students
falls between the means scores for the male and female physical science
students.
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Table 4.20
Comparison of Gender bv Subiect Means using the Studentized Maximum
Modulus (GT2) Test on the MISO-Subtest Force and Motion
Source of Variation

Means

s

n

Gender(Subject)
Female(Methods)

2.67,,

1.52

70

Female(Physics)

3.72

148

Female(Physical Science)

2.04,

1.78
1.24

Male(Physics)

4.67

1.97

119

Male(Physical Science)

2.79.

1.65

75

97

Note. Means having the same subscript are not significantly different at
p<.05.
Table 4.21
Comparison of Gender bv Subiect Means using the Studentized Maximum
Modulus (GT2) Test on the MISO-Subtest. Heat and Temperature
Means

s

n

Female(Methods)

2.11,,

1.87

70

Female(Physics)

2.51,

1.84

148

Female(Physical Science)

1.37,

1.05

97

Male(Physics)

3.43

2.15

119

Male(Physical Science)

1.85„

1.71

75

Source of Variation
Gender(Subject)

Note. Means having the same subscript are not significantly different at
p<.05.
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A comparison of the mean scores, Table 4.21, on the heat subtest
indicates that no significant difference exists among the members of the
following two groups: (a) female physics, female methods, and male
physical science students and (b) female methods and male and female
physical science students. Again the female methods students failed to out
perform the male physical science students at a statistically significant
level, although the mean score was higher. Only the mean score of the
male physics students is significantly different (p<.05) from those of all
other students tested.
Table 4.22
Comparison of Gender bv Subiect Means using the Studentized Maximum
Modulus (GT2) Test on the MISO-Subtest. Light and Color

Means

s

n

Female(Methods)

3.16^,

2.20

70

Female(Physics)

2.99b

2.03

148

Female(Physical Science)

2.33b

2.05

97

Male(Physics)

3.79.

2.51

119

Male(PhysicaI Science)

3.2U

2.47

75

Source of Variation

Gender(Subject)

Note. Means having the same subscript are not significantly different at
p<.05.
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Tables 4.22 and 4.23 represent a comparison of the mean scores for
the light and electricity subtests respectively. These data reveal a
significant difference (p<.05) among the means for the male physics and
both the female physics and physical science students. No significant
difference exits among all other comparisons.
Table 4.23
Comparison of Gender bv Subiect Means using the Studentized Maximum
Modulus (GT2) Test on the MISO-Subtest. Electricitv and Magnetism

Source of Variation

Means

s

n

Female(Methods)

3.91,b

2.12

70

Female(Physics)

3.46,

2.06

148

Female(Physical Science)

2.94,

2.00

97

Male(Physics)

4.35.

2.51

119

Male(Physical Science)

3.81.,,

2.47

75

Gender(Subject)

Note. Means having the same subscript are not signiHcantly different at
p<.05.
As an indication of the confidence they had in their answers, each
student was asked to rate how sure they were that their answers were
correct This rating was given for each item on the MISQ. In addition,
each student was asked to indicate how sensible or logical their responses
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were for each item. Pearson correlation coefficients. Table 4.24, were
calculated to determine if any relationship might exist between the students’
confidence in their responses, the sensibleness of their responses and their
NflSQ score. In general there is a slight positive correlation (r = .26,
p<.001) between the number of correct responses and the students’
confidence rating of their responses. This relationship also holds for the
sensibleness rating of their answers (r = .31, p<.001). These relationships
generally hold true for each of the four subtests as well. No substantial
difference exits relative to gender. For both males and females there is a
slight positive correlation between the number of correct responses and the
confidence/sensibleness ratings.
When subject areas are examined, somewhat different results occur.
In general there is a stronger correlation between response correctness and
confidence (r=.41, p<.001) or sensibleness (r=.33, p<.01) for the methods
students than for the physics and physical science groups. An exception
exists with the MISQ-subtest, Force and Motion, where the highest
correlation occurs for the physics students (confidence, r=.24, p<.(X)l;
sensibleness, r=.27, p<.(X)l).
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Table 4.24

with the MISO Score for Gender and Subject

Group

n

Confidence

Sensibleness

Gender
Females

315

.21**

.26**

Males

194

.20*

.29**

Methods

70

.41**

.33*

Physics

267

.28**

.34**

Physical Science

172

.15

.28**

509

.26**

.31**

Subject

All Students

*E<.01. *£.001.
Correlations among the confidence or sensibleness ratings of student
responses and MISQ, age, gender, and subject were also examined for
relationships (Table 4.25). No statistically significant correlation exists
between subject (p<.05) and confidence or sensibleness.

However, a
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positive correlation does exist between gender and confidence (r=,30,
r<.0001) and sensibleness (r=.21, p<.0001). For age, there is a slight
negative correlation relative to confidence (r=-.10, p<.05) and sensibleness
(r=-.09, p<.05).
Table 4.25

with the MISO Score. Aee. Gender, and Subiect

Category

MISQ

Age

Gender

Subject

Confidence

.26”

-.10*

.30”

.06

Sensibleness

.31”

-.09*

.21”

.03

Note. For the variable sender male = 1 and female = 0. For the variable
subject physics = 2, methods = 1, and physical science = 0.
Note. The coirelation between confidence and sensibleness is .72 at
p<.0001.
£<.05. **£<.0001
These data were examined further using a forward stepwise regression
procedure to determine the extent confidence, scnsibleness, age, gender, and
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subject are able to predict the MISQ score (Table 4.25 for notes regarding
gender and subject). As indicated in Table 4.26, the best predictor of the
MISQ score among these five variables was content (6=.27, p<.001).
Subject explained the greatest portion of the variance (R^=.10, pc.CXll).
The addition of sensibleness (6=.27, p<.001) to the model increased

to

.13 and proves to be the second best predictor of the MISQ score among
these variables. Adding gender (B=.22, p<.(X)l) increased the predictability
Table 4.26

Variable MISO

Variables

F

Partial R^

Subject

58.97“

.10

.10

.27“

Sensibleness

56.61"

.09

.19

.27**

Gender

22.81“

.03

.23

.22“

5.33*

.01

.24

.10*

Age

R2 Standardized Estimate

Note. Standardize estimates indicate the magnitude of the unique effect of
the independent variable on the dependent variable controlling for the other
independent variables.
*E<.05. *£<.001.
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significantly more (R^=.23, p<.001). The fourth member of the model is
age (6=.10, p<.05) which increase

to .24. Confidence proved to be an

ineffective predictor of MISQ score when controlling for the other four
variables— subject, sensibleness, gender, and age.
Qualitative Results
A review of the responses was conducted to determine what dominant
ideas existed among the students tested. These are summarized in this
section according to each subtest.
Force and Motion
The idea that motion implies a force was prevalent among this group of
students. A large majority (>60%) recognized than animate objects can
exert a force on inanimate objects even if the inanimate object does not
move. However, the reverse is true for only about one third of the
students. Although the existence of gravitational forces is recognized, the
reactionary force of objects such as a table or the floor are often ignored.
For example, when confronted with a book lying on a table, many of these
students can identify that the book is exerting a force on the table but do
not recognize that the table is exerting a force on the book. Yet, if the
object on top is larger, they do admit to an upward force in an attempt to
explain why the smaller object is not crushed. Large forces were also
equated with large objects. For example, if a goat pushes against a brick
wall, the wall exerts a greater force back on the goat preventing movement.
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About as many students accept the idea that falling objects released at
the same time will land at the same time as hold the idea that the heavier
object falls faster. When confronted with trajectory motion, few students
recognized the presence of gravity at the apex of the flight path. Less than
one third of the students believed the bolt would fall through the hole in the
boxcar (Item 4, Appendix B). Approximately 20 percent believed that the
bolt’s forward motion ceased once it began to fall. The motion inside the
boxcar is apparently viewed as separate from that outside the boxcar. This
idea was appropriately demonstrated to students during one activity that
occurred in the second pilot. The teacher had his students observe his
actions as he tossed an object into the air and caught it while riding in front
of them on a skateboard. The students were able to see that the object
continued to move in the same direction as the teacher. A somewhat
different situation occurs with the monkey and hunter question (Item 9,
Appendix B). Only twenty-five percent of the students recognized that the
bullet would follow a curved path. However, with the angular momentum
question (Item 10, Appendix B) a majority (approximately 66%) of the
students identified the path of the ball upon leaving the curved tube as
being straight. This appears to be somewhat contradictory to findings
reported in the literature (e.g., Caramazza, McCloskey, & Green, 1980;
Franklin, 1979; McCloskey, 1983; McCloskey, Caramazza, & Green, 1080).
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Heat and Temperature
The number of students with correctly held concepts diminished
somewhat with this subtest. Please keep in mind that the physics students
had received instruction on mechanics prior to taking the MISQ which
affects these results to a certain degree. However, this same pattern can
also be seen among the physical science and methods students as well. The
concepts identified with this section of the MISQ parallels those reported in
the literature. The predominant concepts were that (a) heat and cold are
substances that are interchangeable, (b) the type of substance affects its
temperature (e.g., metals are colder), (c) temperature alone determines the
heat energy contained within a substance, (d) ice contains no heat energy,
and (e) expansion is a result of material expansion or atomic expansion
(i.e., no reference to particulate theory of matter).
Light and Color
A slightly larger percentage of the students hold correct concepts
regarding light and color than heat and temperature. The erroneous
concepts that permeate this group also parallel other research findings. One
of these concepts is that artificial light is seen to have little effect or is
viewed as not existing in the presence of strong natural light. Another is
that if light cannot be detected with the eye, it does not exist. More
students gave the correct response to a situation described as occurring at
night than one described as occurring in the daytime. This parallels the
results reported by Osborne and Freyberg (1985). The idea that light in not
actively involved in the seeing process but merely allows us to see was also
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detectable among this group. Although many of the students recognize that
light is reflected, they did not necessarily connect this to sight. Color was
viewed as either a property of the light or the object. An object was seen
to demonstrate color either because of the light it reflected or the light it
absorbed. For example, a blue book absorbs or reflects all the blue light,
therefore it can be seen as blue. Another belief noted was that colored
light makes objects appear darker in color but does not convert the color.
Electricity and Magnetism
A larger portion of the students were able to identify the correct
concepts relative to electric circuits, current electricity, and magnetism than
was expected. However, many erroneous concepts were identified. With
regard to electric circuits, these students tended to view parallel and series
circuits as possessing the same characteristics. Any connection to the
battery allows for the presence of an electric current regardless of circuit
type or the presence of an open switch. Many students were able to choose
the correct answer using the "clashing current theory," especially if the
diagram had no open switches and a burned out bulb. In addition, many
students believe the current could still flow through the burned out bulb.
The idea that electric current can flow up to any break in the circuit but not
beyond was also observed. This would be analogous to a bridge being out
on a road or a break in a water line. Item 38 (Appendix B) identified
students who believe that water attracts electricity. A large portion of these
students were able to answer the question correctly using this idea rather
than the knowledge that a complete circuit was present.
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Regarding magnetism, this test shows that most of these students were
simply confused about what metals are attracted by magnets. Although
some thought all metals are attracted, many knew that iron is but they were
not sure about any other metal.
Summary
This chapter has provided a description of the results of the study
indicating the validity, reliability, objectivity, and usability of the MISQ
instrument. Each participating teacher was asked to rate each item as to its
relevance to their course and based on this rating the instrument was
determined to have face validity. Statistical validity was analyzed by
selecting a stratified sample of students and comparing the responses
selected on the written test to the responses given in an oral interview to
produce an agreement rate. The overall agreement rate for the instrument
as a whole is 45 percent for both answer and reason.
Instrument reliability was determined to be 0.81 using the KR-20
formula. Test objectivity was achieved by utilizing a multiple choice
format for the selection of both item answers and reasons. Useability was
examined relative to reading level, time requirements, and use by teachers.
Although the reading level was determined to be low enough not to have
affected test results, test administration was slightly longer than expected
for some students and teacher use of the test results was rather limited.
Statistical analysis of the MISQ data, as well as each subtest, revealed
significant difference (p<.0001) among mean scores relative to gender and
subject. Gender by subject mean comparisons indicates that the male
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physics students generally outperformed all other groups while the female
physical science students showed the worst performance. In general also
the female methods, female physics, and male physical science students
performed at about the same level. There is a statistically significant
positive correlation between response correctness and students’ confidence
rating (r=.26, p<.0001) and their sensibleness rating (r=.31, pc.OOOl). A
positive correlation exits between students’ confidence or sensibleness
ratings and gender. There is also a statistically significant difference
(pc.OOOl) between the confidence and sensibleness mean ratings on the
MISQ indicating that males tended to rate their responses higher than
females in both categories. No correlation was evident between subject and
either confidence or sensibleness.
In general higher MISQ scores correspond directly with higher
confidence and sensibleness ratings. Although a positive correlation exists
for gender the reverse is true when age is correlated with either confidence
or sensibleness. Subject and sensibleness were found to be the two best
predictors of the MISQ score. They were followed by gender and age
respectively. This four variable model explains 24 percent of the variance.
The presence of various concepts identified in other studies were also
detected using the MISQ. This demonstrates that through careful
development instruments of this t)<pe can be a valuable asset to both
teachers and researchers alike.
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CHAPTER 5: DISCUSSION AND IMPLICATIONS
This chapter is in two sections. The first section provides a
discussion of the quantitative analysis of the MISQ instrument which
answers the first research question and a look at teachers’ perceptions of
the usefulness of the instrument which answers the second research
question. The second section presents the conclusions drawn and
implications for instruction and research.
Discussion
MISO Analvsis
Ouantitative Results
The evidence presented in this report indicates that a two-tier multiple
choice diagnostic instrument can be developed to give valid and reliable
information on certain student-held misconceptions compared to the
interview method of data collection. The MISQ was found to have a high
level of statistical reliability. The analysis showed that certain items (11)
do not discriminate well between students who score high and those who
score low on the test. The reliability of each subsection of the test was
also found to be rather low, although within acceptable limits. None of
these are serious concerns and can easily be corrected through item
modification and the development and addition of items to each subtest.

167
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An analysis of variance of the MISQ data with respect to content area
or subject indicates that a significant difference among subject means
exists. It was expected that physics students should perform better than the
methods or physical science students simply because of their nature and
background. Physics students are typically the better students in a school
and they have had more science training than the other two groups. The
expectation that they should possess more scientifically correct concepts
was substantiated by the data collected with the MISQ and gives some
indication of its potential to differentiate among groups such as these.
An analysis of variance of the data by gender indicates that among the
students tested, the males possess more correct concepts than do the
females. This analysis also suggests that the male physics students possess
the greatest number of correct concepts, while the female physical science
students possess the fewest. The female physics, female methods, and the
male physical science students all possess about the same number of correct
concepts.
A statistically significant positive correlation (p<.0001) exists between
the number of correct responses on the MISQ and both the confidence and
sensibleness rating for male and female students, as well as the overall
group. For subject area comparisons, the elementary science methods
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students generally showed the higher correlation, except with the force and
motion subtest where the physics students demonstrated the highest
correlation. This may be due to the fact that the physics students were the
only group to be
tested following instruction on mechanics. All other concepts were tested
prior to instruction. No significant correlation exists between subject and
either confidence or sensibleness. A positive correlation (p<.0001) does
exist between gender and both confidence and sensibleness. Male students
appear to be more confident in their responses and view their answers as
more sensible than do female students. With regards to age a statistically
significant negative correlation (p<.05) exists, indicating that as age
decreases the confidence and sensibleness ratings increase. A four variable
model composed of subject, sensibleness, gender, and age was found to
explain 24 percent of the variance relative to MISQ scores among the
students tested.
Qualitative Results
The responses chosen by the students tested in this study for the most
part parallel those reported in the literature. Contrary to other findings, a
majority of these students believe that a ball traveling through a curved
tube will follow a straight path upon leaving the tube. No new ideas
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regarding heat and temperature were detected using the MISQ. The results
obtained relative to light and color are also similar to those reported in the
literature. Many of these students admit that light is reflected but fewer see
any relationship between reflected light and sight. These students
demonstrated much the same set of ideas that other researchers have found
regarding concepts on electricity. However, among these students the
concept of magnetism appears to be affected more by uncertainty than
some alternate concept.
Teacher Perceptions
The answer to the second research question, "How will
physics/physical science teachers use the Misconceptions Identification in
Science Questionnaire (MISQ)?", is contained in this section. Factors
which may influence teachers’ decisions to use the MISQ are also
examined.
Mathematical Versus Conceptual Instruction
Knowing which approach a teacher prefers gives some indication as to
what they will emphasize during instruction and what they recognize as
learning. Most of the teachers indicated a need for both a mathematical
and a conceptual approach to physics/physical science instruction. The
ideas expressed appear to represent a range from those who think
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mathematical principles and scientific concepts are inseparable to those who
embrace the conceptual approach to science instruction.
Three of the six teachers indicated a definite preference for the
mathematical approach to physics/physical science instruction. One of
these equates the understanding of physics with problem solving. For this
teacher, the application of physical principles through problem solving is
the ultimate demonstration of understanding. For two of the teachers
justification for a mathematically rigorous course is grounded in their
engineer-based curriculum. The other three teachers appeared to be more
willing to use the conceptual approach partially, if not completely. These
teachers appear to be more concerned with their students’ mathematical
ability and hence more inclined to use an alternative approach. The reasons
given by these six teachers for using either a mathematical or conceptual
approach are similar to those reported by Benson (1989) and Clark (1988).
At least half, if not more, of the these teachers appeared reluctant to deviate
from the traditional approach to physics instruction.
Abstract Concepts
All of the teachers attached some importance to the teaching of
abstract concepts. Two of the teachers implied that this need was related to
the preparation of their students for college (see Benson, 1989). Five of
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the six teachers indicated the need to provide concrete examples prior to or
in conjunction with the abstract concept. Among the four physics teachers,
three preferred to use laboratory exercises to provide these concrete
examples and one preferred to use demonstrations with everyday objects
(e.g., a spoon for a convex mirror). One physics teacher expressed a
concern that her students often fail to see any relationship between their
laboratory activities and similar pen-and-paper problems. There was
considerable difference between the two physical science teachers. One
considered students’ developmental levels as an important consideration in
deciding how to present a concept. This teacher also preferred to only use
examples with which the students were familiar. The other teacher,
however incorporated concrete examples only if time permitted.
Time Allotted To Mechanics
The amount of time allocated to a topic or concept should be
reflective of its importance. Curricular scope and sequence should be given
careful thought because altering some concepts may require more time than
is presently being appropriated. The explanations offered relative to the
scope and sequence generally fell into three categories: (a) difficulty with
concepts, (b) difficulty with math, and (c) the amoimt of content. Two of
the four physics teachers indicated that the problem centered around the
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need to remediate students lacking the necessary math skills. This view is
appertained within the mathematical approach to physics instruction.
Another teacher indicated that the increased time was due to students’
difficulty in understanding many of the abstract concepts, especially those
depicted graphically. Still the other two physics teachers placed the blame
on the amount of material they were required to cover. In one case this
was related to the amount of content devoted to mechanics in the text book
and with the other it was the curriculum guide. These last two cases are
operating under what Benson (1989) called "governmental control". No
teacher exhibited any grave concern over the decreased time devoted to
other topics such as heat, light, and electricity.
Diagnostic Testing Prior to Teaching
If one accepts the premise that knowledge is constructed and that
instruction is about changing existing concepts, then it becomes paramount
that we determine what concepts our students possess prior to developing
instructional activities. The use of diagnostic testing of any type was
acknowledged by only half of the six teachers interviewed. However, these
diagnoses targeted math and/or reading skills and were administered only at
the beginning of the year. None of the teachers described any pretesting
activities to identifv existing science concents. It was also evident that
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none of the teachers ever repeated this process throughout the year. The
justification for not using some form of diagnostic testing was because of
insufficient time for such things as test administration, scoring, and
analysis. A related reason was that pre-instructional diagnosis might reveal
additional problems, which would require more time than originally
prescribed. Most of these teachers indicated that changes in their
instructional activities were a reflection of classroom experiences from the
previous year.
Use of the Test
One of the major questions addressed by this research was whether
teachers would use information relative to misconceptions existing in their
particular classes. Half of the teachers interviewed did not use the test
results and identified a lack of time as the reason for nonuse. These
teachers appeared to be more interested in knowing which concepts are
difficult for students to understand rather than knowing that specific
numbers of students or even that specific students are having problems
comprehending a certain concept.
Among the teachers indicating some utilization of the instrument,
most used the items themselves rather than the test results. The items were
sometimes used as focal points for classroom discussions or laboratory
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activities to challenge the various concepts presented on the instrument and
present in the classroom. Only one teacher appeared to have utilized the
results in some manner. This teacher used the test as a means to form
cooperative learning groups that contained various levels of understanding
of a particular concept. The teacher discovered that the student with the
best argumentative skills managed to sway the rest of the group more so
than the student with the correct concept.
Teacher Assumptions Regarding Students
Teachers who do not pretest must make certain assumptions regarding
the knowledge possessed by their students prior to instruction. The
problem with this line of reasoning is that students often are familiar with
certain concepts, even if it is on an informal basis, for example personal
experiences with falling objects. It is this familiarity that leads to the
development of faulty concepts which interfere with the accurate processing
of information presented in class. These teachers tended to generalize from
one group of students to another based on their prior experiences. In other
words, if last year’s students had problems with a particular concept then
the assumption is that the next year’s students may have the same
difficulty. These teachers tended to generalize to all their classes based on
previous experiences. This generalization was in the form of two basic
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assumptions: (a) assume they know nothing (tabula rasa) or (b) assume
everyone has similar conceptual difficulties.
Generalized Instruction
The general consensus was that misconceptions should be addressed,
but within the context of whole class instruction. The idea of annual
testing was not viewed as necessary by these teachers. The teachers stated
that they generalize from one group of students to another and from year to
year. They also indicated that class size would affect how misconceptions
would be treated. For example, individual students would receive less
attention in large classes. It appears that these teachers make general
assumptions about their students based on past experiences. However one
teacher seems to have doubts regarding the pedagogical soundness of this
practice.
Individual Versus Class Concepts
Half of the teachers interviewed gave no indication as to the number
of students that must demonstrate a certain view before they would address
it in class. Among the other half, one teacher felt the need to cover all
concepts in class, even if pretesting indicated understanding of the concept.
Another teacher indicated that at least 25 percent of his students would
need to show a lack of understanding on a test to get his attention. Two of
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the teachers indicated that class size was an important factor in determining
the answer to this question. They both suggested that large classes would
deter them from addressing an erroneous view help by a single student
unless the student personally requested assistance.
Teacher Opinion of MISO
All of the teachers stated that they liked the item format used with the
test. They appeared to be intrigued with the idea of requiring students to
provide both an answer and a reason. Only three indicated an interest in
the continued use of items in a test format. Two of the three displayed an
increased interest in using the instrument in a diagnostic manner prior to
instruction. The third member of this group expressed an interest in using
the instrument in a posttest fashion to analyze past performance and aid in
future instructional planning. Again the idea of generalizing to future
students is prevalent. The remaining teachers expressed no desire to used
the instrument as it was administered during this study because of the
amount of time it would involve. One teacher indicated that awareness of
these alternative ideas provided him with added confidence and helped with
his instructional planning. This teacher also stated that the question design
was useful in motivating students to think, but that for the teacher the
results would eventually become redundant.
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Increasing Teacher Awareness
Five of the six teachers indicated that the best vehicle for introducing
teachers to alternative methods to address concept development was
through workshops. These teachers stated that teachers are interested in
specific teaching materials or examples that have been tried and tested by
other teachers. Providing teachers with videotaped presentations that can
be reviewed at any time was also of interest to these teachers. They also
expressed a strong desire to have more opportunities to interact with other
science teachers and exchange ideas. Only one teacher suggested that
graduate education courses would be the best avenue to reach practicing
teachers.
Conclusion and Implications
Present Conditions
The physics and to some extend the physical science classes examined
within this study have a strong mathematical component. With the physics
classes at least half of the instructional time is devoted to the study of
mechanics. These conditions can be attributed to three factors: (a)
curriculum or text requirements, (b) future education requirements, and (c)
teacher perception of understanding. Factors a and b have also been
reported in other studies on teacher thinking and decision making (Benson,
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1989; Clark, 1988). The teachers who gave either of these two reasons
appear to be very comfortable with the "traditional" method of presenting
physics concepts. Few of these teachers appeared willing to try any new
strategies. The one teacher who did attempt something new (e.g.,
grouping) only tried it for part of a semester and reverted back to the
traditional method for the remainder of the year. Factor c, teacher
perception of understanding, also affects the method of instruction. For
example, teachers who equate the correct mathematical application of
physical principals with understanding the concept teach courses laden with
problem solving activities. Teachers with this view tend to see a
conceptual approach to instruction as less than adequate. Instruction is
presented so as to train the student to produce or mimic some activity that
the teacher recognizes as learning. Students are not labeled or identified as
having mastered the concept until they have exhibited this recognized
behavior.
The one common theme expressed by the teachers who were willing
to consider a conceptual approach was a concern for the math skills of their
students. Those teachers who believed their students possessed average or
below average mathematical abilities appeared eager to use
nonmathematical strategies. Inquiries regarding the amount of time devoted
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to mechanics produced much the same responses as previously described.
No scientific or pedagogical reason was given. The attitude seems to be
that this is just the way it has always been and justification was based on
state curricular and text requirements or student abilities, such as math
skills or developmental level. Some of the teachers indicated that students’
inability to readily grasp the concepts or understand the algorithms
presented resulted in longer time devoted to mechanics.
The learning of pedagogical concepts is probably very similar to the
learning of scientific concepts. If teachers possess faulty views regarding
learning and instruction as they relate to the classroom environment within
science education, then it is understandable that merely informing them of
the existence of some new phenomenon or theory will not alter their
teaching methods. Research must be directed toward developing a better
understanding of how and what teachers think about the science education
process.
Teacher Assumptions
Teachers’ assumptions about student abilities play a crucial role in
determining what decisions are made relative to the curriculum and method
of instruction. This is especially true if the teacher does not use pretest
information during instructional planning. The teachers examined in this
study tended to generalize from year to year regarding student abilities or
needs. Two general assumptions were evident. Either the teachers viewed
ilicir students as having no knowledge about the subject or tliey assumed
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they all had the same difficulty. For example, the assumption might be that
all students equate force with motion, therefore this concept would be
addressed in class. Several of the teachers felt the need to cover all
concepts regardless of student understanding, which is once again evidence
of the influence of state curricular and administrative expectations (Benson,
1989; Clark; 1988).
These teachers appear to view the class as a single unit rather than
individuals. This view becomes even more prominent when dealing with
large classes. As one teacher explained, individual students must request
help before getting special attention.
The science education community must consider this whole class
philosophy when developing curricular materials and training future
teachers. Not because this is the best approach, but because it is a reality
that should not be ignored. This contextual factor will forever be present
as long as science teachers are faced with large classes and inadequate
preparation time. More information is needed regarding the effect of
contextual factors such as teaching load on the type and quality of
instruction delivered.
Diagnostic Testing and the MISO
Teachers’ assumptions regarding student abilities and instruction has a
definite impact on their use of diagnostic testing in general. Those teachers
whose instructional changes are based on experiences from the previous
year see no need for diagnostic testing. Since they have already decided on
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teaching strategies to be used, pretesting is a waste of precious instructional
time. If pretesting does occur, its at the beginning of the year and tests
only reading and math skills. Information from these tests gives the teacher
some indication as to the instructional pace and sophistication at which they
can proceed.
Use of the MISQ can be divided into three areas. The first area is
that of general information. In this case the teachers reviewed the test for
general information, much as one would read a text. They found the
various concepts to be interesting and enlightening, as the existence of
some of the concepts were unknown to these teachers. This type use had
little visible impact on instruction and subsequently the altering of concepts.
The second area of use was one in which the items were used as part
of the instructional activity. The item was used as part of the introduction
to the concept, used as a mechanism to force the students into an awareness
of their view of the concept, and often became part of the mechanism that
facilitated activities to challenge the various views. This use of the MISQ
items probably had the greatest impact toward altering erroneous concepts.
The third use involved analysis and use of the test results. In this
case the class was divided into small groups composed of members with
different viewpoints. Within these groups, discussion and argumentation of
the various concepts ensued until some group consensus was reached. In
some instances the results were negative and reflective of the argumentative
skills of the more dominant member of the group. In general the teachers
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appeared to like the MISQ for two reasons, (a) the two-tier format and (b)
the fact that they learned of alternative concepts which they were
previously unaware. Their interest in using the instrument was related
more to single item use rather than whole test use.
The science education community must come to some agreement as to
those concepts that are most important relative to each content area. Once
this has been established longitudinal curricula can be set in place to
address these concepts. Researchers and practitioners must decide at what
age levels these alternate concepts are acceptable, if at all. If we are to be
concerned with what concepts are present among our students, then some
attention must be directed toward the development of instruments that more
accurately identify the existence of these various beliefs. The two-tier
format used in the MISQ proved to have the capability to differentiate
among students possessing different concepts. Through further research
and development this capability can be improved.
Professional Awareness
Increased opportunities for professional development is a concern
expressed by these teachers. All indicated a desire for opportunities to
interact with other science teachers and viewed workshops as the ideal
means for exchanging information. They also expressed an interest in
obtaining specific teaching strategies that have proven to be effective for
other teachers, especially if these activities were demonstrated on videotape.
Videotapes would allow the teacher to revisit the workshop demonstrations
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as often as needed and provides the teacher an example to follow that is
more descriptive that written text can be.
This section is important to this study as an attempt to understand
how best to expose teachers to new ideas and how to get them to accept
and try the ideas. The teachers that were the most familiar with altemateconcept/misconception studies found the most use for the MISQ items.
Therefore, the degree of awareness may have some impact upon the use of
new procedures by teachers. This study identifies what these teachers feel
is the best mechanism for convincing other teachers to utilize some new
approach. This mechanism is that of peer workshops or demonstrations of
proven strategies. Although this is not a new concept, it may be a highly
underutilized one. If successful teaching strategies can be developed to
alter certain important concepts, then they need to be demonstrated to other
teachers by their peers rather than just described in some book or journal or
presented as part of a teacher training course.
Summary
The MISQ was analyzed and determined to have the ability to
discriminate among various ability groups and possesses both validity and
reliability. However, further item revision is necessary to improve the
discriminatory ability and reliability of each of the four subtests. Female
elementary science methods and physics students performed no better than
the male physical science students on the MISQ. In general male students
scored higher than their female peers and viewed their responses as more
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sensible and with more confidence. As age decreased among the students
tested with the MISQ the confidence and sensibleness rating tended to
decrease. Subject and sensibleness proved to be the best predictor variables
of MISQ score followed by gender and age. All four variables explain 24
percent of the variance with the MISQ among the students tested.
Further analysis of student responses on the MISQ, reveals the
instrument's ability to identify many of the same concepts reported by other
means of detection and answers the first question asked by this study.
Scrutiny of student reasons exposes in concrete ways how various concepts
enable us to function in some situations regardless of their correctness.
This is especially true with regards to student evaluation efforts. For
example, students who describe electric current using the "clashing current
model" can continue to answer circuit questions such as Items 3 1 - 3 4
correctly. Current methods of assessment are not adequate because
phenomena such as this are not considered when constructing test items.
This lack of consideration can be contributed to either a lack of knowledge
or concern among those involved in concept assessment at both the local
and national levels.
Analysis of teacher interviews revealed three uses of the MISQ
instmment and answers the second question presented in this study. The
first use was in the form of a general informative nature. The second
utilized selected items as integral parts of the instructional process. The
third used student responses in a grouping strategy to facilitate

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

186
discussion/argumentation of various viewpoints. Further analysis of these
interviews reveals that the limited use of the MISQ may be due to several
factors, both external and internal. External factors include governmental
control through curricular and text requirements and societal control
through future educational expectations. Internal factors include teacher
held concepts of learning in general and especially teacher held views of
those student behaviors that demonstrate the occurrence of learning.
To produce effective changes in current teaching strategies several
conclusions are presented. Both researchers and practitioners must:
1. Develop a better understanding of the pedagogical concepts teachers
possess about such things as learning, instruction, and classroom contextual
factors as they relate to science education;
2. Develop a better understanding of the needs and wants of science
teachers and attempt to address these in a more productive manner;
3. Come to some consensus about those concepts that are necessary and
acceptable for various levels of understanding of our world; and,
4. Develop and utilize better methods for measuring conceptual
understanding.
Limitations of the Study
Due to the qualitative component of this study certain decisions were
made regarding time and sample selection that limit the generalizability of
the test data analysis presented in this document. This study was begun
during the spring semester to allow the physics teachers the opportunity to
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see how well their students would perform after instruction on mechanics,
as compared to test performance prior to instruction on heat, light, and
electricity. Therefore, the physics students had an advantage over the other
student groups relative to the force and motion subtest. Although
unavoidable, a second limitation involved the lack of male methods
students. The presence of this group would have added much to the
analysis relative to the effect of gender on MISQ performance. A third
limitation involved selective sampling. Again, because the major focus of
the study was on teacher use of the MISQ, the test of random samples of
students was not possible. These limitations, therefore hinder the
generalizability of the findings regarding student performance on the MISQ.
Further research is warranted to substantiate the results presented by this
study.
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The man is trying to move the car but
the car is not m oving. (The engine is
not running.)

1. Is the man exerting a force on the
car?
SA A U D SD 1.1 No. the car is not moving.
SA A U D SD 1.2 No, because the man is trying to push the car and not pull it.
SA A U D SD 1.3 Yes, the man is applying a force toward the left.
SA A U D SD 1.4 Yes, the man is trying to force the car to move even though it
won’t.
SA A U D SD 1.5 No, there is no force on the car because it can’t feel.
EXPLAIN WHY YOU AGREE OR DISAGREE WITH EACH OF THE ABOVE
ANSWERS! PLEASE MAKE YOUR RESPONSES UNDERSTANDABLE BUT BRIEF.
IF YOU NEED MORE SPACE CONTINUE ON THE BACK. IF YOU CAN THINK
OF A BETTER ANSWER INCLUDE THIS LAST.
1.1

___________________________

1.2

1.3
1.4

1.5
IF YOU HAVE A BETTER ANSWER WRITE IT ON THE BACK ALONG WITH
YOUR EXPLANATION WHY IT IS BETTER.
Figure A.I.

The first aftempt to develop a test item related to a misconception on
force. (Modified from Osbome and Freyberg, 1985.)
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The man is trying to move the car
but the car is not moving. (The
engine is not running.)

1. The man is trying to push the car forward. Is he exerting a force on the car?
a)
b)
c)
d)
e)

Because the car is not moving the man is not exerting a force on the car.
By pushing on the car the man is exerting a force even though the car will not
move.
The man is not applying a force on the car because the car is pushing back just as
hard as the man is pushing forward.
Yes, the man is applying a force to the car, but it is not great enough to
overcome frictional forces acting against him.
If F = m X a, then there is no force being exerted on the car because it is not
accelerating. This makes a = 0 which makes F = 0 also, even though the mass of
the car is great.

I.

FIGURE A.2. The second attempt to develop a test item related to a misconception on
force. (Modified from Osborne and Freyberg, 1985)
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DIRECTIONS
This is a questionnaire to determine your beliefs about several scientific topics. A
situation will be described and a question will be asked. You will be required to select an
ANSWER from several choices. Then you will be asked to select a REASON for your
choice. The REASONS listed are those that people often give in response to the question.
If you do NOT find an ANSWER or a REASON you agree with, a BLANK SPACE will
be provided for you to write your response.
A sample question is provided below:
SAMPLE OUESTION
Bill has an aquarium that contains a one pound bass. He weighed the aquarium while
the fish was half-way down in the water and foimd that it weighed 65 pounds. While the
aquarium was still on the balance the fish settled to the bottom. What happened to the
weight of the aquarium as measured by the balance?
Answer
1) The weight increased
2) The weight decreased
3) The weight stayed the same
Reason
a)
b)
c)

<2x
66 POUNDS

7 POUNDS

Objects weigh less while floating in water.
The fish was not weighed while floating but was weighed when it settled to the bottom.
The balance can detect the weight of the fish whether it is floating or whether it is on
the bottom.

If you select ANSWER "1" and REASON "a" then on the answer sheet you would
cross out the "1" and the "a".
If you do not like any of the reasons given, you may write in your own explanation in
the blaiiks provided on the answer sheet
SAMPLE RESPONSE:
1 2 3 4 5 SURE?_7_ SENSE? _ 1 _ YOUR RESPONSE,
a b c d e f ______________________________________

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

212

You will also be asked to indicate how sure you are about your responses.
I’m Sure I’m Right 7 6 5 4 3 2 1 Just A Blind Guess
Select the number that best indicates how you feel about your response and place it on the
answer sheet where you see "Sure?____
Many times we know an answer is correct, (i.e., we are very confident or sure of our
answer) but it doesn’t make sense. For example, everyone knows that a bumble bee can fly
and that its body is too heavv for its wings. It doesn’t make sense that the bumble bee
should be able to fly, but it does.
Sometimes we are corrfldent about an answer, and the answer makes perfect sense. For
example, if you dropped an egg fiom a three story building, most people are confident that
the egg will splatter when it hits the ground. It also makes sense to them that the egg will
splatter.
You will find a scale at the bottom of each page like the one below:
Makes perfect sense 7 6 5 4 3 2 1 Makes no sense.
Please indicate whether the responses you chose make sense to you by choosing the number
on the scale that gives the best indication of this. Place the number on the answer sheet
where you see "Sense
". (Adapted from Brown & Clement, 1987, ERIC Document
No. ED 283 712)
Thank vou very much for vour help and vour opinions.

PLEASE DO NOT WRITE IN THIS BOOKLET!!!!
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The man is trying to move the
car but the car is not moving.
(The engine is not ninning.)

I.

The man is trying to push
the car forward. Is he
exerting a force on the car?

Answer
1) YES

2) NO

Reason
a)
b)
c)
d)

e)
g)

Because the car is not moving the man is not exerting a force on the car.
There is too much difference between the mass of the man and the mass of tlie car.
Because the mass of the car is so great it is exerting the force not the man. This is like
the earth exerting a force on us but we can’t exert a force on it.
The man is not applying a force on the car because the car is pushing back just as hard
as the man is pushing forward.
By pushing on the car the man is applying a force to the car, but it is not great enough
to overcome frictional forces acting against him.
If F = m X a, then there is no force being exerted on the car because it is not
accelerating. This makes a = 0 which makes F = 0 also, even though the mass of the
car is great.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I'M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERreCT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
Learning In Science: The Implications o f Children s Science, 1985, p . 42, Osborne &
F reyberg, Heinemann Publishers:
Portsmouth, N ew Hampshire.
Reproduced with
perm ission.
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2. Is there a force on the golf
ball making it fly through
the air?

Answer
1) YES

2) NO

Reason
a) Because the ball is still going up the man’s force must still be in the ball.
b) As the ball moves through the air an empty space is created behind the ball. Air rushes
in to fill the empty space causing pressure to build up which pushes the ball upward
until gravity overcomes it.
c) The ball’s momentum, not its force, keeps it moving while gravity and air resistance
is slowing it down.
d) If Force = mass X acceleration and the ball is slowing down as it goes up, then the
acceleration is negative which makes the Force on the ball negative.
e) Kinetic energy and force are the same thing. Since the ball is moving and has kinetic
energy it must have a force in it making it go upward. This force will last imtil gravity
and air resistance drains all of it out pulling the ball back down.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!
HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
Learning In Science: The Implications o f Children's Science, 1985, p . 42, O sborne &
F reyberg, Heinemann Publishers:
Portsmouth, N ew Hampshire.
R eproduced with
perm ission.
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3.

AS pound ball and SO pound ball are dropped from the roof of a building. Each ball
is the same size, that is, it has the same diameter. If the balls are dropped at the same
time the SO pound ball will hit the ground at what time?

Answer
1) Sooner than the S pound ball
2) Later than the S pound ball
3) At the same time as the S pound bair
Reason
a)
b)
c)
d)
g)

The force of gravity will be greater on the SOpound ball causing it to accelerate faster
than the S pound ball.
The 5 pound ball will be affected by air resistance more than the SO pound ball.
The pull of gravity is greater on the heavier ball but the ball also has a greater
resistance to a change in its motion; therefore, regardless of the mass the acceleration
for each ball will be the same.
The earth pulls the same amount on each ball but becausethe heavier ball has more
inertia the lighter ball will fallfaster. It is only an optical illusion thatthe heavier ball
hits first.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I'M SURE I'M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

1 MAKES NO SENSE TO ME
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4. A train is traveling along a smooth, straight track at a speed of 6 miles per hour. One
of the boxcars has a small hole in the floor. Directly above the hole is a bolt in the
ceiling. Suddenly the bolt comes loose and falls. Where will the bolt land? The doors
of the boxcar are closed.
Answer
1) It will hit the floor in front of the hole.
2) It will fall through the hole.
3) It will hit the floor in back of the hole.
Reason
a) As soon as the bolt becomes unattached to the ceiling it no longer has any forward
velocity and will fall straight down, while the boxcar continues to move forward.
b) The air pressure inside the boxcar will force the bolt to move toward the back of the
boxcar as it falls.
c) The bolt has the same velocity as the boxcar as long as it is attached but as soon as it
drops from the ceiling its velocity increases slightly because of its small mass.
d) The bolt and the boxcar have the same velocity. >\^en the bolt drops from the ceiling
it keeps its velocity causing it to move forward as it falls.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I'M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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The man is pushing on
the car and the car is
not moving.

How many forces are
there on the car?
Answer

o

1) four
2) three
3) two
4) one
5) none
Reason
Gravity is pulling downward on the car and the man is pushing on the car.
b) The car is not moving; therefore, there are no forces on it
c) The man is ^plying a force to the car. There are frictional forces between the tires
and the road. Gravitational forces are ^plied downward and the road is pushing
upward on the car.
d) TTie man is trying to push the car forward. The weight of the car is pushing back on
the man to stop him. There is friction between the tires and the road.
e) The man is pushing on the car and is the only one using any energy.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS. PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

a)

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

I MAKES NO SENSE TO ME
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6.

If the golf ball is at position B, then the total force on the ball is shown by which
arrow?

Answer
1)

f

2)

^

3)

«f*

4)

5)

^

6)

•

(no force)

Reason
a) At point B the ball has not begun to fall yet; therefore, the force placed in the ball by
the man is still in it, although the force is very small.
b) At point B the ball has stopped rising. The only force acting on the ball is gravity.
c) At point B the ball has stopped. It is not rising nor is it falling. Because it is not
moving at this particular point there are no forces acting on the ball.
d) At i»int B the force of the man and the force of gravity are equal to each other causing
the ball to stop for a brief moment before gravity over-powers the force of the man.
e) At point B the air resistance overcomes the man’s force causing the bail to curve down
toward the groimd.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!
HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

1 MAKES NO SENSE TO ME

Learning In Science: The Implications o f C hildren's Science, 1985, p . 42, O sborne &
F reyberg, Heinemann Publishers:
Portsmouth, N ew Hampshire.
R eproduced with
p c tltliS S iG n ,
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A large steel block (A) weighing 200 pounds rests on a small steel block (B) weighing
40 pounds, as shown in the diagram below. Think about whether "A" exerts a force
on "B" and whether "B" exerts a force on "A”.

D o e s "B"
exert an
upward force
on "A"?
Answer
1) YES

2) NO

Reason
a)
b)
c)
d)
e)
f)
g)

A and B each exerts a force on tlie other, but A exerts a larger force
Each exerts a force, but B exerts a larger force.
Each exerts a force, and these forces are the same size.
Only block B exerts a force because it is holding up block A.
Block A is the only one exerting a force.
Neither one is exerting a force, they are both just sitting there, nothing is moving.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION !N THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I'M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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8. A stubborn goat is pushing
against a wall.

While the goat is pushing,
does the wall exert a force
back on the goat?
Answer
1) YES

2) NO

Reason
a)
b)
c)
d)
e)
f)
g)

The goat and the wall each exert a force on the other, but the goat exerts a larger force.
Each exerts a force, but the wall exerts a larger force.
Each exerts a force, and the forces are the same.
Only the wall is exerting a force.
Only the goat is exerting a force.
Nothing is moving, therefore no forces can be present.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
FM SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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9.

A man with a rifle is sitting in a tree. The rifle barrel is horizontal and is pointed
straight at a monkey in another tree 100 yards away. The rifle is fired at the monkey
and at the same time the bullet leaves the end of the barrel, the monkey drops from the
tree toward the ground. What will the bullet do?

Answer
1) The bullet will pass over the monkey’s head.
2) The bullet will hit the monkey.
3) The bullet will pass below the monkey.
Reason
a)

The bullet has to travel 100 yards to get to the monkey but the monkey only has to
drop a couple of feet to be out of the way.
b) The monkey is heavier than the bullet and will therefore fall faster than the bullet.
c) Because of the shape of the bullet and its speed it will pass by the monkey before the
monkey has time to move and the bullet will hit the ground first.
d) The horizontal speed of the bullet is not important. The monkey and the bullet will fall
at the same speed causing them to reach the same place at the same time.
e) The bullet will be moving so fast that it will hit the monkey before the monkey can
fall.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!
HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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10. If a ball is pushed with some force into a curved tube as shown in the drawing below,
what path will the ball follow when it comes out of the other end?

Answer

2)

1)

3)

Reason
a) Objects in motion tend to travel in a straight line unless some outside force causes it
to curve. As soon as the ball leaves the tube it is not being forced to move in a circle
and will continue on in a straight line.
b) The curve of the tube forces the ball into this curved path. When the ball leaves the
tube it will still have this momentum or force causing it to continue traveling in a
curve.
c) As the ball moves around through the tube it acquires an angular momentum, (moves
in a curve) so that when it comes out of the tube it still has some of the momentum,
but it looses the momentum as the force begins to wear off.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!
HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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PART II
HEAT AND TEMPERATURE
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11. A wooden board, a piece of metal, and a piece of wool cloth have been placed in a
freezer for two days. The temperature inside the freezer is -10°C. How will the
temperatures of the objects compare?
Answer
1)
2)
3)
4)

The metal will be colder than the wood or wool.
The metal and wood will be about the same but colder than the wool.
They will all be the same temperature, -10°C.
They will all be the same temperature, but will becolder than -10°C.

Reason
a)
b)
c)
d)
g)

Metals conduct cold better and have a tendency to pull the cold to it.
Wool traps heat better than metal or wood, that is the reason it is used to keep you
warm in the winter.
Heat energy will even out for objects that are in contact with their surroimdings making
the temperature the same.
The longer an object stays in a freezer the colder it will get.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS. PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I'M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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12) There are three bowls of the same size that have been sitting on a kitchen table
overnight. One is made of wood, another of metal, and the third of plastic. The
temperature of the room has been 75°F the entire time. How do the temperatures of
the bowls compare to each other?
Answer
1) The metal bowl would have the lowest temperature; the plastic bowl the next highest;
and the wooden bowl would have the highest temperature.
2) The temperature of all three would be the same as the temperature of the room, 75°F.
3) The plastic bowl would have the lowest temperature; the wooden bowl the next highest;
and the metal bowl would have the highest temperature.
4) The wooden bowl and the plastic bowl would be the same, while the metal bowl would
have a higher temperature.
5) The temperature of all three would be less than the temperature of the room.
Reason
a)
b)
c)
d)
e)
g)

Metal conducts heat and would have a tendency to pull heat to ii.
Metals lose heat fast, making them feel cooler.
Plastic and wood are good insulators, which makes them feel warmer.
Heat energy will even out for objects that are in contact with their surroundings,
making the temperature for each the same.
Objects such as wood, metal, and plastic are not living and carmot hold heat, so they
will be cooler than their surroundings.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

1 MAKES NO SENSE TO ME

C hildren’s Ideas In Science, 1985, p . 71, b y Driver, Guesne, and Tiberghien, Open
U niversity Press. Reproduced with permission.
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13. A container of flour, a container of nails, and a container of water are all placed in an
oven that has been heated to 60°C(140°F). All three materials are allowed to remain
in the oven for four hours. Which of the following statements best describes the
temperature of the three substances?
Answer
1) All three will be at a temperature greater than 60°C.
2) All three will have a temperature of 60°C.
3) The flour is less than 60°C, the nails are higher than 60°C, and the water is equal to
60°C.
4) The flour and water will be at 60°C, but the nails will be higher than60°C.
5) The flour and water will be at a temperature below 60°C and the nails will be above
60°C.
Reason
a) Metal conducts heat and would have a tendency to pull the heat to making it hotter.
b) Metals lose heat fast making them feel cooler.
c) The iron nails would absort) more heat because they are metal; the water would be the
next hottest because it will boil and the flour would be the coolest because it does
nothing.
d) Heat energy will even out for objects that are in contact with their surroundings making
the temperature the same.
e) As long as the objects are in the oven they will increase in temperature causing their
temperature to rise above that of the oven.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
TM SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

I MAKES NO SENSE TO ME

C hildren's Ideas In Science, 1985, p. 71, by D river, G uesne, and Tiberghien, Open
U niversity P ress. R eproduced with perm ission.
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14. Mary puts a piece of zinc metal in an oven at 1000°C. She reads the temperature of
the zinc once every minute using a thermometer capable measuring 2000°C. She got
temperatures of 30°C, 70°C, 200°C, 420°C, 420°C, 420°C, 420°C, and 420°C for her
first eight readings. Why does the thermometer have several readings of 420°C?
Answer
1)
2)
3)
4)
5)

This is the highest possible temperature for zinc.
The zinc is melting.
The zinc has reached thermal stability.
This is the highest temperature that the thermometer will read accurately.
These readings are the result of experimental error.

Reason
a) When substance changes from a solid to a liquid (changes state), its temperature will
not change until the solid had melted.
b) Metals like zinc can only be heated to a certain temperature.
c) There is no scientific reason for the temperature to remain the same. Mary either made
a mistake or the thermometer is broken
d) As the zinc is healed the temperature will rise quickly at first, but after a time the
temperature will begin to rise more slowly because the metal has absorbed its limit of
energy.
e) The zinc has absorbed all of the heat in the oven.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I'M SURE I'M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
C hildren's Ideas In Science, 1985, p. 69-70, by D river, Guesne, an d Tiberghien, Open
U niversity P ress. R eproduced with perm ission.
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IS. In container A there is a little water, and in container B there is a lot of water. Both
containers are set over camping stoves which have flames set at the same level.
Thermometers of the same type are used to measure the temperatures of the water in
each container when the water is boiling. How will the temperatures compare?

Answer
1) The temperature in container A will be higher than container B.
2) The temperature will be the same in both containers.
3) The temperature in container A will be lower than container B.
Reason
a)

The greater the amount of water, the higher the temperature because it absorbs more
heat.
b) The smaller amount of water cannot absorb all the heat going into it, so the temperature
will read higher.
c) Water boils at the same temperature no matter what amount (volume) you have.
d) The smaller amount of water boils faster, so its temperature must be higher.
e) The larger amount of water comes to a boil more slowly so it has had more time to
warm up and is hotter.
f) The temperature depends on how high the flame is.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

1 MAKES NO SENSE TO ME

Children's Ideas In Science, 1985, p . 69, by Driver, G uesne, and Tiberghien, Open
U niversity Press. Reproduced with permission.
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16. A cup contains water at 30°C (86°F) and a bathtub contains water at 10°C (50°F) as
shown in the diagram below.

«5^
30*C

Which contains more heat energy?
Answer
1) The cup

2) The tub

3) They are the same.

Reason
a)

Heat energy is determined by the temperature and the number of molecules present.
The more molecules a substance has the more energy it can contain.
b) Heat is determined by the temperature of a substance. The higher the temperature the
greater the amount of heat.
c) The cup has a high temperature and a low mass the tub has a low temperature and a
high mass. The mass factor cancels out the temperature factor making them both have
the same amount of heat.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I'M SURE I'M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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17. A cup contains water at 30°C (86°F) and a bathtub contains ice at 0°C (32°F), as
shown in the diagram below.

(

1.

3 0 ‘C

Which contains the most heat eneigy?
Answer
1) The Cup

2) The Tub

Reason
a)
b)
c)
d)
g)

Heat energy is determined by the temperature and the number of molecules present.
The more molecules a substance has the more energy it can contain.
Heat is determined by the temperature of a substance. The higher the temperature the
greater the amount of heat.
The heat in the cup is more concentrated.
Ice doesn’t have any heat in it Things at 0°C have lost all their heat energy.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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18. The length of the iron rod in the diagram below is measured and found to be 22 cm at
room temperature. The rod is then heated for 15 minutes and its length is measured
again.

The length of the heated
rod should be?
Answer
1) More than 22 cm.
2) Still 22 cm.
3) Less than 22 cm.
4) It depends on how much the temperature of the rod rises.
Reason
a)
b)
c)
d)
e)
g)

Because the metals are good conductors of heat the heat flows through the rod causing
the metal to expand.
Heating the rod increases the kinetic energy or motion of individual atoms, causing
them to move apart.
Heating the rod increases the kinetic energy or motion of the individual atoms causing
them to expand.
The rod is hot on one end but cold on the other which cancels out each other.
Heating the rod will cause it to become wider which shortens its length.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2 1

MAKES NO SENSE TO ME
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19. A piece of metal that has a temperature of 0°C is dropped into a container of water that
has a temperature of 20°C, as shown in the diagram below.

What will happen to the temperature of the metal and water?
Answer
1)
The temperature of the metal will stay the same but the water will drop.
2)
The temperature of the water will stay the same but the metal will rise.
3) The temperature of the metal will rise and the water will drop.
4) The temperature of the metal will drop and the water will rise.
Reason
a)
b)

The cold of the metal will neutralize the heat in the water.
The water particles are vibrating faster than the metal particles. When they collide with
each other the water particles lose energy and the metal particles gain energy.
c)
The water will lose heat to the metal and the metal will lose its cold to thewater.
d)The water will lose its heat and become colder. Metals are always cold so it will not
change.
e) The metal will soak up heat faster because it is so cold. The water is not very hot and
will not change much.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I'M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

234

20. The diagram below shows a house on a winter day. The furnace is turned off and the
temperature inside the house begins to drop.

Which of the following best describes what is happening?
Answer
1) The house is losing heat
2) Cold is seeping into the house.
3) Both processes are occurring.
Reason
a)
b)
c)
d)
g)

Heat energy is lost by conduction between the walls and the air outside.
Cold is able to seep into the house through cracks around doors and windows. The
cold neutralizes the heat in the house.
As the cold moves in the heat moves out. This usually occurs where there are cracks
or poor insulation.
Heat always moves from hot to cold. It usually moves out through the window panes,
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I'M SURE I'M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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PARTm
LIGHT AND COLOR
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21. On a clear dark night, a car is standing paiked on a straight, flat road. The car has its
headlights lowered (on dim). A pedestrian, who is standing in the road, is able to see
the headlights.

-- ---------------:

IW yJ*

The illustration is divided into four parts. In which section is there light?
Answer
1)
2)
3)
4)

Section I
Sections 1 & II
Sections I, II & III
All four Sections

Reasons
a)
b)
c)
d)
e)
g)

The light will only go a short distance in front of the car, which is as far as the driver
can see.
The light goes on forever. The pedestrian can see the light because it is still strong
enough for his eyes to detect, but the light continues to move on past him
If the pedestrian can see the light then the light must have reached as far as he is. If
the light goes any farther it won’t be very far because it will quickly fade out.
The light from the car does not reach very far, but you can see points of light a long
way off.
The pedestrian can see two or three hundred meters up to the light, so the light only
has to come part of the way.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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22. You are watching a candle
burning during the day.
Which drawing shows best what h^pens with the light of
the candle? (The arrows represents the path of the light
from the candle.)
Answer
1)

2)

An
3)

4)

Reason
a)
b)
c)
d)
e)
g)

The candle does not give off light because you can’t see any light, you see only the
flame.
The light stays on the candle, because that is where you see it.
The light comes out about halfway towards you. That is where your eyes pick it up.
The light comes out until it hits something. If it doesn’t hit anything it will move on
forever.
The light moves out as far as you but no further. This is why you are able to see the
candle. If you move further away you might not be able to see it.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

1 MAKES NO SENSE TO ME

Learning In Science: The Implications o f Children's Science, 1985, p . 10, O sborne &
F reyberg, Heinemann Publishers:
Portsmouth, N ew Hampshire.
R eproduced with
perm ission.
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23. There is a power loss during
the night. You are using a candle.

Which drawing shows best what h^pens with
the light of the candle? (The arrows represents
the path of the light from the candle.)
Answer
1)

2)

3)

4)

Reason
a)
b)
c)
d)
e)
g)

The candle does not give off light because you can’t see any light, you see only the
flame.
The light stays on the candle, because that is where you see it
The light comes out about halfway towards you. That is where your eyes pick it up.
The light comes out until it hits something. If it doesn’t hit anything it will move on
forever.
The light moves out as far as you but no further. This is why you are able to see the
candle. If you moved further away you might not be able to see it.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

I MAKES

SENSE TO ME

Learning In Science: The Im plications o f Children's Science, 1985, p. 10, Osborne &
F reyberg, Heinemann Puhiishers:
Portsmouth, N ew Hampshire.
R eproduced with
perm ission.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

239

24.

This boy sees the tree. Which one of the following diagrams best illustrates how the sun
helps him to see the tree?
Answer
1)

2)

4)

3)

5)

■

t i -

Reason
a) The light from the sun strikes the tree, bounces off the tree and moves to the boy’s
eyes where the light is changed to forai an image causing him to see the tree.
b) The light from the sun brightens up the tree so the boy’s eyes can see the tree. The
boy would not be able to see the tree in the dark.
c) When the light from the sun strikes the tree the light carries an image of the tree to the
boy’s eye causing him to see.
d) The Sim shines on both the boy and the tree but does not help him to see. Because it
is daytime the boy’s vision is able to move out a certain distance depending upon how
good his eyesight is. The image of the tree moves toward the boy. Both of these
together enable him to see the tree.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!
HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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25.

Bill knows that when he sees an object his eyes send a signal to his brain. What
hardens in the space between the object (a book) and the person’s eyes?

Which of
the following illustrations best demonstrates what happens in the space between the book
and Bill’s eyes?
Answer

1)

3)

2)

L ,U

4)

5)

Reason
a)
b)
c)
d)
e)
g)

Nothing happens between the book and the eye.
The boy adjusts his lens to the book. The eye concentrates on the book.
Light reflects off the book and into the eye.
The brain sends out signals to the eyes which go out to the book and back again. The
picture coming back is up-side-down but the brain turns it right-side-up allowing us to
see.
The book projects an image to the eye producing a picture on the back of the eye.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
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26. A flashlight is used to shine a light on a wooden board that has been painted white.

Which of the
following drawings best illustrates what would h^jpen to the light from the flashlight after
it hits the white wooden board?
Answer

2)

1)

3)

Reason
a)
b)
c)
d)
g)

The light will strike the board and bounce off at the same angle. This means all the
light rays run side by side.
The light will stay on the board to light it up making a bright spot.
The light will strike the board and bounce off at different angles. This means that the
light rays run in many different directions.
The light strikes the board and is absorbed or soaked up. If the light bounced off it
would be the same as a mirror.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE TM RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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27. A green light is shining on a green
plant in a red pot. There are no other
lights in the room. What color will
the green plant and the red pot
appear?
F

/.«gif

Answer
1) The plant will be green and the pot
will be red.
2) The plant will be green andthe pot will be green.
3) The plant will be green andthe pot will be black.
4) Both the plant and pot will be a daiker color.
Reason
a)
b)
c)
g)

Objects take on the color of whatever colored lightshines on them.
The green plant reflects allthe green light and the red potabsorbs the green light
reflecting none of the light.
The color of an object depends on the objects and not the color of the light. Therefore,
the green plan and red pot will keep their colors.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I'M SURE I'M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

I MAKES NO SENSE TO ME
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28. A blue book is lying on a kitchen table near the window.

From where does the blue color come (Why does the book appear blue?)?
Answer
1)
2)
3)

The
The
The

color is in the book.
color is in the light that shines onthebook.
color is produced by our eyes.

Reason
a)
b)
c)
d)
g)

The light helps our eyes to see the blue color of the book.
The book absorbs blue light and reflects other colors.
The book reflects blue light and absorbs the other colors.
The book reflects blue color to our eyes.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

1 MAKES NO SENSE TO ME
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29. When you shine a white light through a piece of red glass, the light looks red on the
other side.

Where does the red light come from?
Answer
1)
2)

The white light
The red glass

Reason
a)
b)
c)
d)
g)

The glass adds red color to the white light making it look red.
The glass lets all the light come through, but it only lets the red color come through
with the light.
The white light is made of many different colors of light The red glass lets only the
red light through. The rest is absorbed.
The glass turns the white light into red light by bending the light
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I'M SURE I'M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TOME 7 6 5 4 3 2

1 MAKES NO SENSE TO ME

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

245

30. You are in a room during the daytime.
You are looking at a vase. Nearby is
a lamp that has been turned on.
Which drawing below best illustrates what
happens among the lamp, the vase and your
eyes?
Answer
2)

1)

1
4)

3)

'M
Reason
a)
b)
c)
d)
e)
g)

Nothing happens because the lamp is on during the daytime. It will not help you see
the vase.
The light from the lamp will help light up the vase for you to see.
The light from the lamp will travel only a little ways out because it isduring the
daytime. It won’t go out far enough to do any good.
Light from the lamp will stay on the lamp you would not be able to see it any where
else.
The light from the lamp will bounce off the vase to your eyes just like the sun light
will.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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PART IV
ELECTRICITY AND MAGNETISM
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31. In this string of four (4) lights and a battery, there is also a switch.

If the
switch is open as shown in the diagram above, which lights will shine?
Answer
1) Only lights 1 and 2
2) Only lights 3 and 4
3) All of the lights
4) None of the lights
Reason
a)
b)
c)
d)

e)
g)

As long as the bulbs are connected to the battery with at least one wire they will
continue to bum.
The lights connected to the negative end of the battery will glow because this is where
the current comes out of the battery.
The lights connected to the positive end of the battery will glow because this is where
the current comes out of the battery.
Electricity must come from both ends of the battery. When these two currents collide
in the bulb it glows. The bulbs may contain an electric current from one end of the
battery, but unless it can mix with Ik electricity from the other end none of the lights
will glow.
To have a flow of electric current there must be a complete circuit from one end of the
battery to the other. If the circuit is broken anywhere the current stops and none of the
lights glow.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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32. In this string of four (4) lights and a battery, there is a switch.

If this switch is open, which lights will shine?
Answer
1)
2)
3)
4)

Only lights 1 and 2
Only lights 3 and 4
All of the lights
None of the lights

Reason
a)
b)
c)
d)

e)
g)

As long as the bulbs are connected to the battery with at least one wire they will
continue to bum.
The lights connected to the negative end of the battery will glow because this is where
the current comes out of the battery.
The lights connected to the positive end of the battery will glow because this is where
the current comes out of the battery.
Electricity must come from both ends of the battery. When these two currents collide
in the bulb it glows. The bulbs may contain an electric current from one end of the
battery, but unless it can mix with he electricity from the other end none of the lights
will glow.
To have a flow of electric current there must be a complete circuit from one end of the
battery to the other. If the circuit is broken anywhere the current stops and none of the
lights glow.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

1 MAKES NO SENSE TO ME
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33. In this diagram o f a parallel circuit all five bulbs are glowing.

If bulb
"C" bums out what will happen to the other bulbs?
Answer
1)
2)
3)
4)
5)

A and B will continue to glow but D and E will go out
Awill continue to glow but B, D, and E will go out.
A, B, D, and E will continue to glow.
D and E will continue to glow but A and B will go out
All of them will go out.

Reason
a)

If one bulb bums out this stops the cuirent from going beyond that point. It is similar
to a bridge being out on a road. The traffic can move up to the bridge and back but
it can’t go beyond the bridge.
b) There must be a complete circuit to and from the battery through a bulb for it to glow.
If one bulb bums out this stops the current flow in all the wires and bulbs.
c) If one bulb bums out the current can still flow through all the other bulb and back to
the battery, therefore they will continue to glow.
d) If one bulb bums out the current will leak out causing the other bulbs to glow very dim
or not glow at all.
e) If one bulb bums out the current can still move through it, the bulb just does not glow.
This will not affect the others.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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34. In this diagram of a series circuit all five bulbs are glowing.

If bulb
"C" bums out what will happen to the other bulbs?
Answer
1) A and B will continue to glow but D and E will go out
2) A will continue to glow but B, D, and E will go out.
3) A, B, D, and E will continue to glow.
4) D and E will continue to glow but A and B willgo out
5) All of them will go out.
Reason
a)

If one bulb bums out this stops the current from going beyondthat point. It is similar
to a bridge being out on a road. The traffic can move up tothe bridge and back but
it can't go beyond the bridge.
b) There must be a complete circuit to and from the battery through a bulb for it to glow.
If one bulb bums out this stops the current flow in all the wires and bulbs.
c) If one bulb bums out the current can still flow through all the other bulbs and back to
the battery, therefore they will continue to glow.
d) If one bulb bums out the current will leak out causing the other bulbs to glow very dim
or not glow at all.
e) If one bulb bums out the current can still move through it, the bulb just does not glow.
This will not affect the others.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

1 MAKES NO SENSE TO ME
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35. A battery is connected to a light bulb as shown in the diagram. The bulb is glowing.

Which of the following
diagrams best illustrates
the way you think about
the movement of the
electric current in the
wires?

. ,
(~)
j

^

l

i

1
*

1/

The arrows show the direction of the current.
Answer
1)

2)

4i»rraM‘f

K« "Ww* w i r *

3)

4)

Reason
a) The current flows from the battery to the bulb through one wire and from the bulb to
the battery through a second wire. It is the same going and coming.
b) The current flows from the battery to the bulb through both wires. The current collides
in the bulb causing it to glow. No current returns to the battery.
c) Only one wire is needed to carry the current to the bulb. The second wire is needed
only as a ground wire. It does not carry a current.
d) One wire carries current to the bulb where some is used to make the bulb glow. If any
current is left it is carried back to the battery through the second wire.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!
HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
Learning In Science: The Implications o f Children s Science, 1985, p. 25, O sborne &
Freyberg, Heinemann Publishers:
Portsmouth, N ew Hampshire.
R eproduced with
perm ission.
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36. Two bulbs are connected in series with a batteiy as shown in the diagram below.

1

The current through wire 1 is 0.5 amps. How does the current in the three wires compare
to each other?
Answer
1)
2)
3)
4)

The current in wire 1 is greatest: wire 2 is next; and wire 3 is the least.
The current in wire 2 is greatest; wire 1and 3 are equal.
The current in wire 3 is greatest; wire 2 is next; and wire 1 is the least.
They are all the same.

Reason
a) The current moves from the negative post to bulb A where some is used, the remainder
moves to bulb B where the rest is used. There is no current in the last wire.
b) The current moves from the positive post to bulb B where some is used, the remainder
moves to bulb A where the rest is used. If any current is left it is carried back to the
battery to be used again.
c) The current is the same in all the wires. Any changes that occurs in one affects all the
same.
d) The current comes from the battery through both wires, 1 and 3. The current collides
in the bulbs to make them glow. Because of the current coming from both directions
wire 2 carries current from both.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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37. A car battery has been fully charged but has not yet been placed in the car. It is sitting
on the bench in the garage and is not connected to anything.

Is there an electric
current in the
battery?

Answer
1) YES

2) NO

Reason
a)
b)
c)
g)

If the battery is charged up it is full of electric energy and does contain an electric
current. The current can leak out and the battery will go dead if it just sits for a long
time.
The battery contains potential energy and only when the positive (+) and negative
(-) terminus are connected together will a current begin to flow.
The battery has a current, however the current is not being used in a way we can see,
such as with a glowing bulb.
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

1 MAKES NO SENSE TO ME

Learning In Science: The Implications o f Children's Science, 1985, p . 174, O sborne &
F reyberg, Heinemann Publishers:
Portsmouth, N ew Hampshire.
R eproduced with
perm ission.
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38. Two metal rods are connected to the terminals on a battery. The rods are in a liquid
as shown in the diagram below.

There is an electric current along wire A from the battery to the metal rod. Would there be
an electric current in the liquid?
Answer
1) YES

2) NO

Reason
a) It depends on what the liquid is.
b) If there is a current in wire A there must also be a current in the liquid and the other
wire to have a complete circuit.
c) Only if the liquid is water. Water attracts electricity and would pull the current to it.
g) IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

1 MAKES NO SENSE TO ME

Learning In Science: The Im plications o f Children's Science, 1985, p. 175, Osborne &
F reyberg, Heinemann Publishers:
Portsmouth, N ew Hampshire.
Reproduced with
perm ission.
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39. Bill is going to pick up aluminum cans to earn some extra money. Some of the cans
are located at the bottom of a deep ditch. He plans to use a large horseshoe magnet
tied to a rope to lift the cans out of the ditch.
Is this a good idea?
Answer
1) YES

2) NO

Reason
a)
b)
c)
d)
g)

Magnets will attract all metals.
Magnets will attract things other than metals.
Magnets will attract anything that contains iron.
Magnets will attract gold, copper, iron, aluminum, and silver
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I'M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE TO ME 7 6 5 4 3 2 1 MAKES NO SENSE TO ME
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40. John’s sister. Sue, lost her gold necklace in their back yard. John took his magnet and
slid it over the ground until he picked the necklace up with the magnet. Is Sue’s
necklace really made of gold?
Answer
1) YES

2) NO

3) Maybe

Reason
a)
b)
c)
d)
g)

Magnets will attract all metals.
Magnets will attract things other than metals.
Magnets will attract anything that contains iron.
Magnets will attract gold, copper, iron, aluminum, and silver
IF YOU DO NOT AGREE WITH ANY OF THESE REASONS, PLEASE STATE
YOUR OPINION IN THE BLANK ON THE ANSWER SHEET!

HOW SURE ARE YOU OF YOUR RESPONSES? PLACE THE NUMBER ON THE
ANSWER SHEET!
I’M SURE I’M RIGHT 7 6 5 4 3 2 1 JUST A BLIND GUESS
PLEASE RATE HOW MUCH SENSE YOUR RESPONSES MAKE TO YOU. PLACE
THE NUMBER ON THE ANSWER SHEET!
MAKES PERFECT SENSE T O M E 7 6 5 4 3 2

1 MAKES NO SENSE TO ME
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NAME_______________

DATA

DATE OF BIRTH_______ SCHOOL________
CLASS PERIOD 1 2 3 4 5 6 7 8

SEX M F
INSTRUCTOR________

CROSSOUT THE NUMBER OR LETTER THAT CORRESPONDS WITH THE CHOICE YOU
THINK IS BEST!! IF YOU DO NOT FIND A RESPONSE THAT YOU LIKE PLEASE WRITE
YOURS IN THE BLANK PROVIDED. IF YOU DO NOT HAVE ENOUGH ROOM CONTINUE
ON THE BACK!
PLEASE INDICATE HOW SURE YOU ARE OF YOUR RESPONSES AND WHETHER YOUR
RESPONSES MAKE SENSE TO YOU.
PARTI
FORCE AND MOTION
1. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE______________
a b c d e f ___________________________________ ____ _
2. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f _______________________________
3. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f _______________________________
4. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f _____________________________ __
5. I 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ___________________________ ____
6. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ___________________________ ____
7. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f _______________________________
8. I 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f _______________________________
9. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f _______________________________
10. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f
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NAME________________

INSTRUCTOR_________

CLASS PERIOD 1 2 3 4 5 6 7 8

CROSSOUT THE NUMBER OR LETTER THAT CORRESPONDS WITH THE CHOICE YOU
THINK IS BEST!! IF YOU DO NOT FIND A RESPONSE THAT YOU LIKE PLEASE WRITE
YOURS IN THE BLANK PROVIDED. IF YOU DO NOT HAVE ENOUGH ROOM CONTINUE
ON THE BACK!
PLEASE INDICATE HOW SURE YOU ARE OF YOUR RESPONSES AND WHETHER YOUR
RESPONSES MAKE SENSE TO YOU.
PARTE
HEAT AND TEMPERATURE
11. I 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE______________
a b c d e f _____________________________________________
12 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
13. I 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
14. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
15. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
16. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
12 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
18. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
19. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
20. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
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NAME_____________________
CLASS PERIOD 1 2 3 4 5 6 7 8

INSTRUCTOR___

CROSSOUT THE NUMBER OR LETTER THAT CORRESPONDS WITH THE CHOICE YOU
THINK IS BEST!! IF YOU DO NOT FIND A RESPONSE THAT YOU LIKE PLEASE WRITE
YOURS IN THE BLANK PROVIDED. IF YOU DO NOT HAVE ENOUGH ROOMCONTINUE
ON THE BACK!
PLEASE INDICATE HOW SURE YOU ARE OF YOUR RESPONSES AND WHETHER YOUR
RESPONSES MAKE SENSE TO YOU.
PART in
LIGHT AND COLOR
21. 1 2 3 4 5 SURE?__ SENSE?_ YOUR RESPONSE______________
a b c d e f ____________________________________ _________
22. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
21 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f _______________________________ _
24. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f _______________________________ _
21 I 2 3 4 5 SURE?_ SENSE?__ YOUR RESPONSE,
a b c d e f ________________________________
26. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ______________________ _____ ____
2T 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
28. I 2 3 4 5 SURE?_ SENSE?__ YOUR RESPONSE,
a b c d e f ________________________________
29. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
30. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
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NAME_____________________
•CLASS PERIOD 1 2 3 4 5 6 7 8

INSTRUCTOR____

CROSSOUT THE NUMBER OR LETTER THAT CORRESPONDS WITH THE CHOICE YOU
THINK IS BEST!! IF YOU DO NOT FIND A RESPONSE THAT YOU LIKE PLEASE WRITE
YOURS IN THE BLANK PROVIDED. IF YOU DO NOT HAVE ENOUGH ROOM CONTINUE
ON THE BACK!
PLEASE INDICATE HOW SURE YOU ARE OF YOUR RESPONSES AND WHETHER YOUR
RESPONSES MAKE SENSE TO YOU.
PART IV
ELECTRICITY AND MAGNETISM
31. I 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE______________
a b c d e f ______________________________________________
32. I 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
33. I 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
34. I 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
35. I 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
36. I 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
37. I 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
38. I 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
39. I 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
40. 1 2 3 4 5 SURE?_ SENSE?_ YOUR RESPONSE,
a b c d e f ________________________________
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EAST BATON ROUGE PARISH SCHOOL BOARD
Research. Evaluation, and Long Range Planning Department
January 23,1989
Mr. Bobby J. Franklin Department of Curriculum and Instruction Louisiana State University Baton
Rogue, LA 70803-4728
Dear Mr. Franklin;
This letter is a reply to your request for aRtroval from the Research Department to conduct a
study at Scotlandville Magnet High School.
Authraization to conduct this study is granted with the following stipulations:
1.

The principal and teachers of Scotlandville agree to participate.

2.

Written permission is granted by the parents/guardians allowing their child/children
to participate in the study.

3.

The information obtained from the students will be anonymous and will remain
confidential.

4.

The Research Department of the East Baton Rouge Parish School System should
receive a copy of the completed study.

This authorization is based on the information that you submitted. Should you deviate from
the project proposal, please inform our office. Should you have questions or need further assistance,
please call üiis office at 295-8625.
Sincerely.
William J. Glasper, Director
Research. Evaluation, and Long Range Planning Department
WJG:ph
cc: Mr. Freddie Williams
Scotlandville Magnet
Dr. Soileau
Scotlandville Magnet
Mr. Jurasinski
Scotlandville Magnet
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PERMISSION LETTER
(SAMPLE)

Dear Parent/Guardian,
My name is Bobby Franklin and I am conducting a research study at Scotlandville Magnet
High. Mr./Mrs.

has agreed to participate in this project. This study involves giving a science

test to each student and then interviewing at least one student from each class. The students and
teacher will be given the results of the test as soon as it can be graded. I will also be observing each
class.
The students will remain anonymous and may withdraw from the study at any time. The
main purpose of this research is to identify what the teacher does with the test information.
Please sign below giving me permission to test/interview your child. This test score will in
noway affect your child's grade in this class.
Sincerely.

Bobby Franklin

APPROVAL:
Parent/Guardian
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PLEASE EVALUATE EACH ITEM WITH REGARDS TO THE FOLLOWING
STATEMENTS.
A) This concept is included in my course.
B) It is important for my students to understand this concept.
VERY IMPORTANT 7 6 5 4 3 2 1 TOTALLY IRRELEVANT
A
B
A
B
1.

21.

_____

2.

22 .

_____

3.

23.

4.

24.

5.

25.

6.

26.

7.

27.

8.

28.

9.

29.

10

30.

11.

31.

12.

32.

13.

33.

14.

34.

15.

35.

16.

36.

17.

37.

18.

38.

19.

39.

20.

40.

____

____
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Student - ID# 01UM2F
School - LSU
Subject - ELEMENTARY METHODS
Date - 5/11/89
Question #1
Student(S) - Yes.
Researcher(R) Why?
(S) - Because he is pushing on it.
(R) - What would your definition of a force be? Or how would you describe a
force? What would it be to you?
(S) - (laughter) It’s a ...(unclear) something he’s pushing on it —the car?
(R) - Would there be any other way you could have a force without pushing on
it?
(S) - No. Like gravity is pulling down. And, so, and that type thing.
Question #11
(S) (R)(S) -

O.k. I thought they’d be all the same temperature.
Why?
Because they’ve been in there so long. They get to be the same
(fades
out - unclear)
(R) - So you think all of them would be at the same temperature as the freezer?
(S) - Yea.
(R) - Alright.
Question #21
(S) (R)(S) -

In all of them.
Why?
’Cause (unclear) He could see th e lights going this far. It’s just
moving past him.
(R) - How far can the light go?
(S) - I don’t ....
(R) - There’s no limit? I mean, that’s why. I’m just asking general terms?
Will the light have a limit? Will it only go so far or can it go forever?
(S) - ..... (unclear) It’s probably (unclear) if he dims them. You can’t see
them, you faiow, if you’re far away.
(R) - O k. Alright
Question #31
(S) (R)(S) (R) ■
(S) -

None of them.
Why?
Because the circuit.... (unclear)
V»^hat do you mean?
It’s not gonna (unclear) is not gonna leave batteiy one. I’m
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confused.
(R) - So you have to have a complete circuit in order for all(S) - Right.
(R) - both....(uncIear)
Student - ID# 02UM2F
School - LSU
Subject. ELEMENTARY METHODS
Date - 5/6/89
Question #1
Student(S) - Yes.
Researcher(R) Why do you say that?
(S) - Because, he is pushing on it and that is force.
(R) - O.k. So your definition of force would be that a push.
(S) - Pressure, yeah.
Question #11
(S) - The metal will be colder than the wood or wool.
(R) - Why do you say that?
(S) - ’Cause it seems like if you’re in a cold room, the metal is always colder
than the wood or th e
(unclear).
(R) - O.k. Feels colder to you?
(S) - Yeah.
(R) - How would the temperature compare with the freezer? Would the metal
be colder than 10 below or would it be the say or —?
(S) - Um. Be colder.
(R) - O.k. So you think the metal would be colder than 10 below. What about
the other two objects?
(S) - They might be colder too, but not as cold as the metal.
(R) - O.k. So the metal would be the, still the coldest but all three of them
would be colder than 10 below?
(S) - Yeah.
(R) - Why do you think they would be colder than 10 below?
(S) - Uh, I don’t know.
Question #21

(S) (R) (S) (R) (S) (R) (S) -

All four of them.
Why do you think that?
Because light keeps going (unclear)
There’s nothing -Nothing to stop it
So light goes on forever?
(couldn’t hear her response)
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(R) - Why you think that?
(S) - I don’t know.
Question #31
(S) - If these are still connected right here?
(R) - Yeah.
(S) - That, just
(R) - This is connected, they’re connected just like the wires are shown. The
only thing is that there’s a switch here and the switch is open.
(S) - I think all of them could go ...(bad part in tape) still connected.
(R) - O.k. So you think they all glow because they’re still connected to the
battery?
(S) - Yeah.
Student - ID# 03UM2F
School - LSU
Subject - ELEMENTARY METHODS
Date
Question #1
(S) (R) (S) (R) -

(S) (R) (S) (R) (S) -

(S) (R) (S) (R) -

(S) -

Yeah. Because --1 should tell you why he is exerting pressure —
Yes.
" on the car?
Why do you think he is exerting force?
Because he is pushing. Whether the car is moving or not, he’s still
exerting a strength -- his strength on the car. A force is pushing back on
him to stop the car from moving.
What is your definition of a "force?"
Well, somewhere —
How would you describe it?
Somewhere in my brain, and 1 think this is —1think the definition is that
it should cause a motion; that it should cause a movement But when I’m
trying to think about this man pushing his car, 1 know he’s exerting some
kind of force, since it doesn’t make too much sense to me, to tell you,
yes, according to my definition, but according to the definition that I’ve
learned, he’s not exerting force.
You understand me? I’m a little confused about it.
O.k. So you’re not sure exactly what a force is. Is that what you’re
telling me?
Probably not
O.k. Do you know where you learned that definition?
At
(unclear)
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Question #11

(S) (R) (S) (R) (S) (R)(S) -

(R) (S) (R) (S) (R) (S) (R) (S) (R) (S) (R) (S) (R) (S) (R) (S) -

They’ll be the same.
Same as what?
The same as the freezer.
So all of them will be at 10 below?
Um hum.
Why?
Because the temperature will —let me see how to explain this —since
heat goes out, when you put the board in the middle and the cloth in there
—that will thaw out and it will, it won’t get any — stay any warmer than
10 below and it can’t get any colder ’cause that’s as cold as it’s gonna
get. So it’s gonna be 10 below.
...the object.
Right. Every object is gonna —the temperature is gonna be equivalent.
So you’re saying the temperature is gonna equal Right.
Equalize. You know how it does that?
I know heat goes out. And I know when I put things in my freezer, they
get to the temperature that I set myfreezer.
You know when you say "heat goes out," do you know what that —
That energy How, do you know how energy Moves?
Moves? Yeah.
Energy moves through, ah, different, well, there’re different forms of
energy. Heat is dyno-energy. And I suppose it moves through the
molecules and the atoms and that they change in the temperature.
Do you know how it moves -How?
Do you how it actually takes place?
If I do, I don’t remember.

Question #21
(S) (R)(S) (R) (S) (R) (S) -

All four.
Why?
Because light continues to travel.
How far?
Forever.
So the light from the car would go on forever?
Yeah.

Question #31
(S) -

None.
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(R)(S) (R) (S) -

Why?
Because the circuit’s broken.
And what does that mean?
And it has to make a complete flow. And if you break the circuit here,
then there’s —it just stops the electricity from flowing and it can’t even —
it flows from this direction.
(R) - Is there any electricity flowing in this short wire from the battery to
(unclear)?
(S) - No. Because those lights won’t do that either.
(R) - O.k. So there’s no electricity flowing any where?
(S) - No.
Student - ID# 03DP4F
School - Denham Springs High School
Subject - Physics
Date > 2-20-89
Question #1
(S)
(R)(S)
(R)(S)
(R)(S)
(R)(S)

He is applying a force but work is not being done.
There is no work but he is applying a force?
He is applying a force.
In your words, how would you define force? What would a force be?
A person doing work because in order to have work to have toapply
force.
If I push on this cart and the cart moved while I’m pushing it, would I
still be exerting a force?
Yeah, you have to apply force to make that move.
What if I pull on it?
It would still be force.

Question 11
(S)
(R)(S)
(R>(S)

They are going to be the same, but if you touch the metal it would seem
to be colder.
Why would they have the same temperature?
Because they have been ????? by the temperature two days.
Would all of them have this temperature, minus 10, or would they be
something different?
I think they would all have minus 10, but if you felt them it would appear
that the cloth would not be as cold as the metal.

Question 21
(S)
(R)-

Qne.
This section wouldn’t have any?
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(S)

Not that he could see. It depends on which one you are talking about
He can only see the car in his section.
(R)- What about this guy?
(S)
He can only see as far as the lights on the road.
(R)- What about this?
(S)
I guess he could see the light from here. The person on the road, not the
one in the car.
(R)- The person standing on the road, he could see the light where?
(S)
From where he is standing.
(R)- Where would the light be?
(S)
It would be in section one wherethe car is as far as wherehe can see.
(R)- But, the light would only be insectionone, but this guycould see the
light?
(S)
Yes.
(R)- Are you saying then that this guy can see the light, but there is no light
right here in the second section?
(S)
No. I’m saying that the light is in section one.
Question 31
(S)
(R)(S)
(R)(S)

One and two.
Why do you think one and two?
Well, I don’t think any would because thecircuit is not complete.
Since the circuit’s not complete, you don’t think any would bum?
I don’t think they would.

Student • ID# 03UM2F
School - LSU
Subject - ELEMENTARY METHODS
Date
Question #1
(S) (R)(S) (R) (S) (R) (S) (R) (S) -

Yeah. Because —I should tell you why he is exerting pressure —
Yes.
- on the car?
Why do you think he is exerting force?
Because he is pushing. Whether the car is moving or not, he’s still
exerting a strength —his strength on the car. A force is pushing back on
him to stop the car from moving.
What is your definition of a "force?"
Well, somewhere —
How would you describe it?
Somewhere in my brain, and I think this is —I think the definition is that
it should cause a motion; that it should cause a movement But when I’m
trying to think about this man pushing his car, I know he’s exerting some
kind of force, since it doesn’t make too much sense to me, to tell you.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

273
yes, according to my definition, but according to the definition that I’ve
learned, he’s not exerting force.
(S) - You understand me? I’m a little confused about it
(R) - O.k. So you’re not sure exactly what a force is. Is that what you’re
telling me?
(S) - Probably not.
(R) - O.k. Do you know where you learned that definition?
(S) - A t
(unclear)
Ouestion #11
(S) (R) (S) (R) (S) (R)(S) -

(R) (S) (R) (S) (R) (S) (R) (S) (R) (S) (R) (S) (R) (S) (R) (S) -

They’ll be the same.
Same as what?
The same as the freezer.
So all of them will be at 10 below?
Um hum.
Why?
Because the temperature will —let me see how to explain this —since
heat goes out, when you put the board in the middle and the cloth in there
” that will thaw out and it will, it won’t get any — stay any warmer than
10 below and it can’t get any colder ’cause that’s as cold as it’s gonna
get. So it’s gonna be 10 below.
...the object.
Right. Every object is gonna -- the temperature is gonna be equivalent.
So you’re saying the temperature is gonna equal Right.
Equalize. You know how it does that?
I know heat goes out. And I know when I put things in my freezer, they
get to the temperature that I set my freezer.
You know when you say "heat goes out," do you know what that —
That energy How, do you know how energy —
Moves?
Moves? Yeah.
Energy moves through, ah, different, well, there’re different forms of
energy. Heat is dyno-energy. And 1 suppose it moves through the
molecules and the atoms and that they change in the temperature.
Do you know how it moves —
How?
Do you how it actually takes place?
If I do, I don’t remember.

Ouestion #21
(S) -

All four.
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(R)(S) (R) (S) (R) (S) -

Why?
Because light continues to travel.
How far?
Forever.
So the light from the car would go on forever?
Yeah.

Ouestion #31
(S) (R)(S) (R) (S) (R) (S) (R) (S) -

None.
Why?
Because the circuit’s broken.
And what does that mean?
And it has to make a complete flow. And if you break the circuit here,
then there’s —it just stops the electricity from flowing and it can’t even
it flows from this direction.
Is there any electricity flowing in this short wire from the battery to
(unclear)?
No. Because those lights won’t do that either.
O.k. So there’s no electricity flowing any where?
No.

Student • ID# 04DP6M
School - Denham Springs High School
Subject - Physics
Date ■2*20*89
Ouestion #1
(S)(R>(S)(R)(S)-

Yes, but the car is not moving because the force isn’t great enough to
overcome the friction and inertia of the car.
In your words, how would you define a force?
Just a push on something else.
If I pulled on something, would that be a force?
Yes.

Ouestion 11
(S)-

They are all going to be same temperatures in the freezer. By that time
they will have lost all their heat
(R)- How would they do that?
(S)- The freezer is just going to take the heat out of them. The compressor
and all that At that time everything is going to lose its heat energy
because for that long they weren’t insulated enough.
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Ouestion 21
(S)-

(R)(S)(R)(S)-

Well, you can see the headlights from all the sectionsbecause just a little
bit of the light energy is going to get to your eyes so you cansee it, but
he won’t be able to see you since enough of it won’t reflect off of you
back to him.
How far will the light go?
On and on until it is absorbed.
There’s just no limit to how far?
Right.

Ouestion 31
(S)-

None of them since none of them have a complete circuit

Student - ID# 08SP6M
School • Scotlandville Magnet
Subject • Physical Science
Date - 2/24/91

Ouestion #1
Student(S) - Yes, he is. But he wouldn’t be doing any work. He would be
exerting force, but he wouldn’t be working.
Researcher(R) What would your definition of a "force" be?
(S) - Ah, um.
(R) - How would you describe it?
(S) - Trying to think of the right way to say it. You’ve got a lot of different
ideas about it.
(R) - If you had to describe it —
(S) - ....directional or not directional. It would be —
(R) - If you had to physically describe what was going on, you know, what
would it be if something is applying a force?
(S) - If something that was applying a force, something would, ah. I’m telling
you, the only thing that’s coming right now is to make a change....
(R) - If you apply the force to this cabinet what would you do?
(S) - It would be something that pushes or pulls on an object. In which the
force is applied and that doesn’t necessarily have to make it move.
You have to force, if you force it out it increase to a certain amount of
inertia of the object You call it work.
Ouestion #11
(S) -

The temperatures should be equal which would be all the same
temperatures —it should be Number 4.
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(R) (S) (R) (S) -

O.k. And —
uh huh
Would their temperatures be ten below or would it be a different —
It would be ten below. Because they absorb...they were probably warmer
when they were put in the fieezer, they would lose their heat to the
environment And i t they would all stabilize at 10 below.

Ouestion #21
(S) - It would be all four sections. Even though the majority of the light is
being shining down on the ground. For really the man to be able to see
i t now there would have to be some of the light traveling to his eyes for
him to be able to see it And most probably die light would travel down.
(R) - How far would it be able to go?
(S) - It would continue travelling until it hits something
(unclear)
Ouestion #31
(S) -

None of them. Because for electricity to travel through the wire it must
be complete connection all the way from the positive pole to the negative
pole. And if you break the connection, no electricity will flow in any of
the lights....
(R) - Alright.
Student: 09SP2M
School: Scotlandville
Subject: Physics
Researcher(R): Ouestion 1
Student(S): Yes
(R): Why do you say yes?
(S): Because he is exerting a force on the car, the car is exerting a force back
on him. He is exerting a force he is pushing it.
(R): What would your definition of a force be?
(S): Any pressure put on a certain object
(R):

Ouestion 11

(S):
(R):

They would all be the same.
Why?

(R):

Ouestion 21

(S):

All of them.
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(R):
(S):
(R):
(S):
(R):
(S):

Why?
Because light travels infinitely.
There is no stopping it?
Unless it hits some solid or something that refracts it
Unless it hits something solid, it just goes on forever and ever?
Oh yea. Your eye can’t pick it up, but it’s still there.

(R):

Ouestion 31

(S):
(R):
(S):
(R):

None.
Why none?
There is no current, there is no closed current for the electrons to travel
through. The negative and positive don’t go back to the battery.
So you are saying that there has to be a complete circuit?

(S):

A complete circuit.

Student • ID# 10SS2M
School • University High
Subject • Physical Science
Date - 2/12/91

Ouestion #1
Student(S) - Yes, he is.
Researcher(R) Why?
(S) - Well, he’s exerting a force, but the car is pushing an equal force back at
him. So the car won’t move, but he is still exerting a force.
(R) - What would your definition of a "force" be?
(S) - Um. A, ah, a motion, I guess, exerted toward an object. A push or a
pull, maybe.
(R) - A push or a — o.k. Alright.
Ouestion #11
(S) - Well, I would think that the metal and the wood would be colder because
they’re not very good insulators and they’re said to release heat quickly.
And the wool, 1 would think, would be, still be retainingsome heat
(R) - Alright. What would thetemperature of the metal andwood be compared
to the temperature in the freezer?
(S) - They would be colder.
(R) - Colder than 10 below?
(S) - Oh, no, they would be 10 below.
(R) - They would be 10 below. What about the wool cloth?
(S) - It’d be a little bit warmer.
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Ouestion #21
(S) -

AU four sections, I would say, because light goes on forever, just we can’t
see it. But it goes on forever.

(R) - Well, there’s no limit to how far it can go?
(S) - No.
Ouestion #31
(S) -

None of them. Because for them to glow, you need to have a closed
circuit, connected circuit, so it would come back to the battery for the
electricity to flow through it.
(R) - So you’re saying the electricity has to leave the battery and then be able
to come back?
(S) - Yeah.
(R) - Alright. And it can’t do that with this
(S) - Yeah.
Student - ID# 11LP7F
School - Lab School
Subject - Physics
Date • 2-22-89

Ouestion #1
(S)(R)(S)(R)(S)-

I would say he is exerting a force because he is putting pressure on the
car, it’s just not moving.
If he was pulling on the car?
Same thing, he would be putting the pressure on himself by pulling it
How would you define force?
It is an applied pressure to something or someone.

Ouestion #11
(S)-

I think the metal is going to be cooler. The others will becooler but they
won’t be as cool as the metal. Metal alwaysgets real cold. The wood
would be cold but not as cold as the metal.

(R)-

What temperature would the metal have? Would it be colder or the
same?
(S)- I think it would be just a little bit colder because it is insulating the
coldness.
(R)- What about the wood?
(S)- I think it would be right at the temperature.
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(R)(S)-

What about the wool?
I don’t know anything about wool.

Ouestion #21
(S)(R)(S)-

There might be light in all sections. He couldn’t see him but he could see
the lights. It is these three and it might be in section one. There is light
in section one and three. Maybe section 4.
How far could the light travel?
It would only go so far. There might be some stopping point. Actually it
would stop here. This light would go out a certain distance and then stop.

Ouestion #31
(S)-

No. I really don’t know. I’m thinking of Christmas lights. If one of the
goes out, all of them go out.

Student - lEMr 12L>S2!Vf
School - University High
Subject - Physical Science
Date - 2/14/91

Ouestion #1
(S) -

Ah, yes, he is because he is leaning on it and he’s got his weight pressed
on the car.
(R) - O.k. So what would you say a "force" is?
(S) - Ah, it’s like push or a pull ....(unclear) On some object.
Ouestion #11
(S) (R)(S) -

Ahm, you mean which one would be coldest and which one Yeah.
O.k. The piece of metal would be the coldest because, ahm, metal
conducts cold real easily, so it would be really cold. And then the piece
of wooden board would be the next coldest. And then the woolen cloth
that’s —it’s dense and it has all those air pockets in it, it would be the
warmest (unclear because of unusual noise)

Ouestion #21
(S) -

Ah, Section 1 contains light Section 2 contains light and Section 3. All
of them contain light.
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(R) - Why, why do you say that?
(S) - ’Cause the light coming through -- the man can see the light. There’s
gotta be some light coming to his eyes. And the light can go through the
darkness. But 1 don’t know if there would be light in this last section.
But I know that if the man can see the light, then there’s gotta be some
light coming to his eyes.
(R) - O.k. How far can the light travel? Is there a limit?
(S) - Ah, I’m not sure.
(R) - O.k. You said you weren’t sure. Alright.
Ouestion #31
(S) - One and two.
(R) - Why?
(S) - Wait Well, no, none of them would. Because you have to have these
two wires going to both, you have to have these two wires going to all the
light bulbs. You’ve got to have C and one and two to this wire.
(R) - Uh huh.
(S) - And not the other one, you see, ’cause it’s not connected by the switch.
(S) - And then 4 you have this wire. But you don’t have this wire ’cause it’s
not connected to the switch.
(R) - O.k. You don’t think any of them would burn?
(S) - No.
Student - ID# 13LS4F
School - University High
Subject - Physical Science
Date - 3/30/89

Ouestion #1
(S)- Yes sir.
(R) - Why do you say that?
(S)forcegoingagainst i t It’s not moving because the car is really
having push back against it (unclear because of background noise)
(R) - What would your definition of a "force" be? How would you describe it?
(S)- This is not like (unclear) said.
(R) - Yeah. What would you describe as?
(S)- It is like pushing against something to try to make it move or something.
(R) - Do you remember w hat (unclear) he described it in?
(S)- Inside the car.
Ouestion #11

(S)(R)-

What would be the coldest?
Yeah.
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(S)(R) (S)(R)(S)(R) (S)(R) (S)(R) (S)(R) (S)(R) (S)-

Probably the metal would be. I expect it would probably be the board
than the cloth.
Would the, would, how would the temperature compare if it was 10
below zero? Would the metal be 10 below or would it —
The metal would be colder.
Colder?
It would be, no, they would prob —the metal would probably be, the
other would be colder.
All of them would be colder than 10 below?
Yeah.
Alright. Then you are saying the metal would be colder than the —
Other two.
—other two but all of them would be colder than this.
Yes sir.
O.k. Can you tell me why?
Ahm. Well, I would, it would, how long if it stayed in thefreezer?
Yeah. If it’s been in there two days.
It would probably just keep getting colder and colder after it’s been there
a while.

Ouestion #21
(S)(R) (S)(R) (S)(R) (S)(R) (S)(R) (S)-

Probably just in this lane, because the light, I mean, if it’s just hitting the
ground that’s where it will stay.
O.k. If it’s shining down on the ground, it will just stay right there on the
ground?
Yes sir. It will stay on the ground.
Alright. How is the man able to see it then?
The man can see it?
Yeah. The man can see the light.
’Cause maybe he can see the reflectionof it coming....(unclear)because I
can see a light from pretty far away. Even ifit’s hitting theground, he
could probably see it
See where it’s shining on the ground?
Yes sir. Um hum.
O.k. But there’s no light getting to him?
No.

Ouestion #31
(S)-

Probably all of them because they’ll come here , like in the first two and
come through here for the other two.
(R) - So this wire will give electricity to one andtwo andthe other wire will
give it to three and four.
(S)- To three and four.
(R) - Alright.
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Student - ID# 15DP5M
School - Denham Springs High School
Subject - Physics
Date - 2-20-89

Ouestion #1
(S)(R)(S)-

He is exerting a force but there is no work being done on the car. His
force isn’t causing any work, but he is exerting a force.
In your words, how would you define a force?
Any kind of action done on something. It might not make the thing
move, like pushing on a wall. It won’t move, but I am putting a force on
it. Other people pulling on it would probably be a force, too, because
some action is happening on the object

Ouestion #11
(S)(R)(S)(R)(S)(R)(S)-

I would probably have to go with all would be the same. That is kind of
a tough one.
Why would you think they would be the same?
Well, you know, metal or one of them might be a little colder than the
other one, but I couldn’t tell you which, so I would have to probably go
with all the same because they sat at the same amount of time.
Would they all be 10 below?
They would probably all be 10 below.
But, you said there might be one of them that would be colder?
There might be one. The metal might be colder than the other two, but I
couldn’t say for certain.

Ouestion 21
(S)-

(R)(S)-

It would probably in one, two, and - probably would be in all, I guess.
Because it is going to keep going until something is in its way. Your
eyes can’t focus on any more, but the light is going to keep going because
there is nothing to stop it If there is another car in the way, then the
lights stop on that car. If the guy can see in section three, he can more
than likely see in section four. É you can see headlights on, then that
means the light’s in your eyes.
So if the light’s shining, then how far can the light go?
As far as your eye can see. If you can see a mile then it goes a mile. It
can go on forever, it’s just a matter of how far a person can see.

Ouestion 31
(S)-

All of them would bum because this one right here is taking care of these
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two and it might take care of these two if this was closed, but since this is
not closed this wire right here won’t take care of these two. So the last
two would be taken care of by this wire coming around.
Student • ID# 16SP5M
School • Scotland ville Magnet
Subject - Physical Science
Date - 2/22/91

Question #1
(S) (R) (S) (R) (S) (R) (S) (R) (S) (R) (S) (R) (S) (R)(S) -

I certainly give what we learned in class. Do you just want the answer or
want information?
Yeah, I want both.
O.k. A nd
(unclear)
And, you know, what do you think now?
I think, yeah, he’s exerting a force Yes. He’s exerting a force but it’s
not doing anything.
O.k. So what would your definition of a "force" be?
Ah, action that causes something else to happen. In that
causes (unclear).
Yeah. 0.k.
Ah, man.
So, you would define a force as some—as an action that causes another
action.
Right.
Alright. So, if you use that definition then, in this case —
(unclear response)
No.
Yeah.

Question #11
(S) - They should all be the same temperature.
(R) - Why would they be the same temperature?
(S) - Because they are in the same, you know, environment There’s nothing
they should all be ten below.
(R) - O.k. Because they’re all there in the same —
(S) - They’re all in the same environment
(R) - Um hum.
Question #21
(S) - All of them.
(R) - why?
(S) - They all have light in them because the light’s strongest right here.
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(R) - Um hum.
(S) - So you can see it right there. But they still have light rays and light will
keep going. Just like the....
(R) - How(S) - It takes it longer to get there but it’s there.
(R) - How far can the light go?
(S) - It can just keep going until something blocks it.
Question #31
(S) (R) (S).
(R) (S) (R) (S) -

I don’t think none of them will. Because the positive and negative aren’t
connected. Since you have that break in it
Alright. So you’re saying that both wires need to be
Right.
Connected.
Positive and negative.
O.k. Why, why is that?
Because, for different things. If you hook a batteryup,anormalbattery,
if you didn’t hook one side of it, the thing’snot gonnawork. And a car
battery, and stuff like that

Student - ID#17SP3F
School - Scotlandville Magnet
Subject - Physics
Date - 02/22/91

Question #1
(S)(R)(S)(R)(S)(R)(S)-

Yes, it might be a strong enough force, but he is exerting force, I think.
Why do you think he is exerting force?
Because he is trying to push the car forward.
What would your definition of a "force" be?
I don’t know.
Q.k. You don’t have any kind of, like an example or —
No.

Question #11
(S)- Um. I don’t know.
(R)- Would they all be the same temperature or would one be colder than the
other or —
(S)- Well, looking at these, I would think, I would be, I would think that the
wood wouldn’t be as cold as the metal and the wool.
(R)- Q.k. So you think the metal and the wool would be colder than the wood.
Alright Ah, how would their temperature be? Would the metal and the
wool, you know, be ah, 10 below zero, or would they be colder or —
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(S)- I guess they’d be colder.
(R)- O.k. So you think the metal and the wool would be colder than ten
below. What about the wood?
(S)- The wood might be ten below, I guess. I don’t know.
(R)- O.k. Alright. Why do you think metal and the wool would be colder?
(S)- I don’t know. Well, I guess because of the different material they’re
made out of. You know what I’m saying?
(R)- Yeah. Have you ever had any experience, you know, that —you ever had
any dealings with them —
(S)- Well, if you put a pie in the refrigerator and you take it out, it’s gonna be
colder.
(unclear) I don’t know. Well, (unclear) in the winter time,
I mean, if a person is not that cold, well, if you ever keep the metal out at
the same temperature, it’s
(unclear) or something like that, I would
think the metal would be colder than the wool is because the wool —I
don’t know.
(R)- Alright
Question #21
(S)-

I guess Section 1.

(R)- Why do you say Section 1?
(S)- Because when the car lights on dim, they are dead bright.And, Imean,
they can’t see that far. ’Cause when I’m driving with thecar lights on
dim, I can’t see at night. Really. I’m not (unclear)
(R)- O.k. So you think the light is just right there in front of the and car and it
(S)(R)(S)(R)(S)(R)(S)(R)(S)-

Um....no. I mean, well —
You know, out away from it?
Yeah.
Yeah. But it’s not gonna be way down here?
Un uh.
None of this light’s gonna be down in here? Don in the other —you
know, past the man or anything like that?
No.
You don’t think so. How far can light travel?
I don’t know.

Question #31
(S)- Number 4 is making each shine (unclear)
(R)- Yeah, the battery. The battery is the power source.
(S)- I guess none of them will shine. No, well, it would be numbers one and
two.
(R)- You think one and two —
(S)- .... (unclear)
(R)- —will shine?
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(S)(R)(S)(R)(S)(R)(S)(R)(S)(R)(S)(R)(S)(R)(S)(R>(S)(R)(S)(R)(S)(R)(S)(R)-

Yeah. No. Maybe they all would shine because they’re all hooked to the
battery. It’s, I don’t know.
Now, when the switch is open, that’s the same as saying that the, like a
switch on the wall, that means it’s off. You know, the switch is off.
Now —
Ahm.
That’s what you’re doing when you turn a switch off is you, you stop the
wires from touching each other. Sothe wire is here not touching inthis
particular place.
I guess none of them would shine. It’s like, well, the reason, like a
regular battery (unclear)
Yeah. It’s just -—it has to be touching on both sides for anything to be working.
Yeah. It’s like one of those little nine-volt batteries or ~
Uh huh. I know.
—it’s one of these big, you know, headlight batteries.
Um hum. Well, one of them is working, I guess, ’cause one of them are
connected in both places.
O.k. So you’re saying that for the bulbs to glow they have to be
connected to both sides of the battery?
Yeah. See if they were touching, —
Um hum.
—they would, they would be getting current from there all over and they
would probably be getting current but they areall touching, you know.
O.k. So you’re saying that a current has to go through one wire and then
a current goes through the other wire —
Yeah.
—and —
Flowing through all of them.
All of them.
And when they’re touching.
O.k. And when it’s touching.
I’d say 4. None of them.
None of them O k. Alright. I got you.

Student - ID# 19SS6M
School - Scotlandville Magnet
Subject - Physical Science
Date - 2/15/91

Ouestion #1
(S )-

Yes.

(R)(S) (R) (S) -

Why?
Because he is pushing against the car trying to make it move.
What would your definition of a "force" be? What’s a "force" to you?
Like exerting pressure on something or mak-trying to make something
move.
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Ouestion #11
(S) (R) (S) (R) (S) (R) (S) -

(R) (S) (R) (S) (R) (S) (R) (S) (R) -

Ahm. Would you repeat the question again, please.
O.k. You’ve got, you’ve
got a wooden board, a piece of metal,and a
piece of wool cloth.
Um hum.
Now you put them in a freezer; the temperature in the freezer is 10 below
zero.
Um hum.
They stay in there for two days. O k. How will their temperatures
compare?
I think, o.k., I think the piece of metal will be the coldest Then the
board and probably then the cloth. Because the cloth doesn’t, cause the
cloth will probably release heat more, ’cause for some reason, I don’t
know; it’s just a guess. I don’t really know.
Why would the metal be colder?
’Cause, well, whenever I go into my freezer and feel the pipes, the pipes
are pretty cold or the little wires. And that’s metal. So.
O.k. What temperature would it have? Would it be colder than 10 below
zero or would it be 10 below or what?
It’d probably be a little bit colder than 10 below because it’s been in there
for a long time.
O.k. What about the others?
I think the cloth would be more than 10 because it’s like, it’s like a loose
kinda in it and the coldness can ah like move around freely. And not be
trapped.
O.k. So you think the cloth would be colder than 10 below or - o.k.
What about the wood?
The wood would probably be pretty cold, too. Cause when the cold
comes in there it really can’t, the cold can’t move around freely.
O.k. Alright.

Ouestion #21
(S) -

All the sections would contain light because the man -- there has to be
some light in his section, because the man’s seeing it
(R) - What about Section 4?
(S) - There’d be light there, too.
(R) - How far would the light go?
(S) - Go on forever till it hit something.
Ouestion #31
(S) - One and two.
(R)- Why?
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(S) (R) (S) (R) (S) (R) (S) -

Because the batteiy, the battery’s flow stops at this little point right here.
And it can’t go on.
At the switch?
At the switch.
Yeah.
So —
Alright.
The battery’s flow will just stop.

Student • ID# 20LS4F
School - University High
Subject • Physical Science
Date - 3/30/89

Ouestion #1
(S) - Yes.
(R) - Why do you think that?
(S) - Um. Because he’s pushing on it, but Ithink the car probably has it’s
brakes on or is pushing back on it from the brakes.
(R) - O.k. What would your definition of a "force" be?
(S) - A push or a pull on an object.
Ouestion #11
(S) -

Um, 1 think the metal will be colder, ’cause metal attracts heat more.
And the wood board and the cloth will probably be about the same.
(R) - How would the temperature compare to this? Would they be above or
below?
(S) - The metal would probably be below and the wood board and cloth would
be the same.
(R) - O.k. So you think the metal would be colder than 10 below and then and
the wooden cloth, or the wood and the cloth would be about 10?
(S) - Uh huh.
Ouestion #21
(S) - Um, probably all. Because, light will keep ontravelling.
(R) - There’s, is there a limit?
(S) - Well, it will be dimmer in the one hundred yards in the third section,
since it’s further away.
(R) - But, but is there a limit? Can light go on forever or is it just —
(S) - No. Unless something else blocks it
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Ouestion #31
(S) -

I don’t think any of them would be going right now, because there’s not a
full circuit to them ’cause the switch is off.
(R) - O k. So if the switch was closed it would, ifthis was touching right here,
you’d think it’d all -(S) - Uh huh.
(R) - It wouldn’t be a full circuit
(S) - ’Cause everything has to go from the positive tothe negative.
Student - 24SS7F
School - Scotlandville Magnet
Subject - Physical Science
Date - 2/7/91
Ouestion #1
(S) -

Uh, yes, wait I don’t remember, yes, the pushing is of force but the force
is unbalanced because the car is heavier so he is not doing any work.
But he is exerting a force on it.
(R) - How would you describe what a force is?
(S) - Um, a push or a pull.
Ouestion #11
(S) -

Um, uh, well, I think they’ll all be the same temperature because they’ve
all been in the freezer and they’ve —then all gotten cold for that long
time.
(R) - O.k. How would the temperature compare with freezer?
(S) - Uh, 1 think they would be the same as the freezer.
(R) - So you think everything would be 10 below zero as far as their
temperature is concerned?
(S) - Yes.
Ouestion #31
(S) (R) (S) (R) (S) (R) (S) (R) -

Uh, I don’t think any of them would glow because the electricity can’t
travel in that complete path because the circuit is broken.
What do you mean by "complete path?"
Well, it can’t, ah - the positive and the negative - none of the light
coming through from the entry of the battery.
So they have to receive energy from -- through this wire and then energy
through this wire?
Um huh.
So, both ends, both terminals of the battery sends out energy?
Yea.
O.k. And it has to get both of them?
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(S) -

Um hum.

Student - ID# 09SP4M
School - Scotlandville Magnet
Subject - Physical Science
Date - 3/31/89

Ouestion #1
Student(S) - Yes. He is exerting a force on the car. He is pushing it but the
car, the force of gravity on the car pulling it down is greater than
his force pushing onto the car. Therefore, the car is not moving.
Researcher(R) O.k. What would your definition of a "force" be?
(S) - A force is -(R) - How would you describe it? I mean, what —
(S) - Ah, pressure exerted on a certain object.

Ouestion #11
(S) -

I think they will all be in the same temperature negative ten degrees
Celsius.
(R) - You think all of them will be —
(S) - I think they will all be the same temperature when they come out because
they have been in there, the freezer, for two days. And one of the objects
may reach that temperature faster than the others but by the time they are
taken out, they will probably all be the same temperature.
Ouestion #21
(S) -

I’d all say all four sections contain light from the car because the car is in
the fourth section and its lights are turned on. So therefore the light will
be in the four sections and then once the light, beams of light hit another
object, such as the road, tree, ground or whatever, it will reflect off and it
will continue to keep going forever. So it will be in all the sections —
two, three, and four, also, because it’s reflecting off the road on the other
objects, it’s going in all different directions. It will be in all four sections.

Ouestion #31
(S) -

When the switch is open. Bulb 1 and 2 will glow. Because the electricity
going from the battery to Lamp 1 and then it carries on in a path and then
it goes to Lamp B, but then the switch is not connecting Light 2 to Lamp
3 therefore, it will stop right there. And only could Lamps 1 and 2 will
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be glowing. Therefore, whenever it gets low on electricity, they won’t
glow.
Student • ID# IILPIM
School - Lab School
Subject ■ Physics
Date - 2-20-89

Ouestion #1
(S)-

Yes. Because he is pushing the car. He’s apparently trying to move.

(R)(S)-

If you had to define force, how would you define force?
Any effort that you put into trying to do something, like trying to exert
some force on it.

Ouestion #11
(S)-

They would all be the same, I think, because the temperature in the
freezer is negative 10 and if you put all those in the freezer then they will
all become equal to that temperature.

Ouestion #21
(S)-

(R)(S)(R)(S)-

All of them. He can see light as in section 3 and it would be in section 2
because the light has to travel through section 2 to get to the man. It
would be in the last one because light keeps on traveling - it is very dim
in this one, but it will still be there.
How far can light travel?
Pretty far.
Is there a limit to it?
I don’t think so.

Ouestion #31
(S)-

These two would be on but number two would not because the electrical
current would stop where the switch is open - it couldn’t pass into these
two.
(R)- You’re saying that the electrical current would come out of this wire?
(S)- I’m going to change my answer - then I would say none of them because
they are not getting both the currents - they are not getting both the
positive and the negative. To light them up you have to have both the
positive current and the negative current and since the lights don’t have
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(R)(S)(R)(S)-

both the positive and the negative current, the switch is open, then none of
them could light up.
Would the negative current come out and go in this direction and the
positive current move in this direction?
Yes.
And run together in the lights?
That’s what I would say.

Student - ID# 11LS2M
School • University High
Subject - Physical Science
Date - 2/13/1991

Ouestion #1
(S)-

Well, I’d say, yes, because the force is a push or a pull. And he’s
pushing the car so he’s exerting a force on it.

Ouestion #11
(S)-

(R)(S)-

Well, I said Number 1 ’cause the metal will be colder. While the wool, I
figured was a nice, warm fabric and it wouldn’t -- it’d hold the heat that
was there. Any heat that was there, it’d hold i t The wood just isn’t,
doesn’t attract heat as well as that As a matter of fact, when you bum
wood, it gives off a ton of heat. So you know it’s gonna try to attract
some heat. 1 said the metal because it was, because the metal would be
the coldest. Because it’s, ah ah, it just attracts. It doesn’t have anything
to attract the heat to it. It’s just there. And whatever the temperature is,
is what it will get to. 1 figured the other two would be above that
temperature.
O.k. So you figured that the metal would be 10 below and the other two
would be above 10?
Right.

Ouestion #21
(S)-

(R)(S)-

Well, I said all four because light’s not really limited by a lot And if
the man can see it at 300 yards away from the source of the light then it
stands to reason, it can go another hundred yards. And it’s definitely
gonna be a light in between the man and the car because he couldn’t be
able to see it if there wasn’t.
Alright How far would the light go? Is there a limit?
Infinite —till it stops, really.
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Ouestion #31
(S)-

None of them would. Because you have to have a complete circuit to
make a light come on. You have to have a complete circuit; that circuit’s
broken. There’s not gonna be a light.

Student - ID# 13LP7M
School - Lab School
Subject - Physics
Date " 2*22*89

Ouestion #1
(S)(R)(S)(R)(S)-

I don’t think so because there is no acceleration.
What if he was pulling on the car?
Same thing.
So your definition of force is?
Mass times acceleration.

Ouestion #11
(S)-

Each object would finally reach the same temperature.

Ouestion #21
(S)-

All four sections because light travels. It is in section four because you
can still see it there.
(R)- How far can light travel?
(S)- As far as the eye can see.
(R)- Is there a limit?
(S)- I guess there would be a limit eventually.
Ouestion #31
(S)-

When the switch is open it doesn’t touch. Noneof the bulbs would glow
because it needs a complete circuitThe positive side would come
around, but it would also need to come back in to continue on so it would
need to be connected to get through it

Student • ID# 14DP1M
School • Denham Springs High School
Subject - Physics
Date • 2-20-89
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Ouestion #1
(S)(R)(S)(R)(S)(R)(S)-

You are doing force, but no work is being done.
You’re saying he is exerting a force, but he’s not doing any work because
the car is not moving?
Right.
What would your definition of a force be?
I think he’s doing work on it, but it’s not going anywhere sothere’s no
force on it.
If you had to define force, what definition would you give it? If you
were trying to explain it to somebody else.
It would be moving something.

Ouestion 11
(S)(R)(S)(R)(S)(R)(S)-

I’m not too sure about these, but I think they would all have the same
temperature. They had all been in the freezer and had been in there so
long.
You’re saying that the molecules moving has to do with the temperature?
Yeh, that’s what I’d say.
Have you studied that idea somewhere?
I don’t think so. We studied about temperature and molecules, but not
about different things in a freezer. I don’t think they would all fall at the
same rate. One thing would be colder than the other.
You mean one would get colder quicker?
I think - 1 don’t know - we haven’t really studied that.

Ouestion 21
(S)(R)(S)-

It would be all the sections, because the light is focused to the road.
There are still some rays of light that go out from the headlights in all
directions.
How far would the light go?
It would go on forever until it hits something.

Ouestion 31
(S)-

I don’t think any of them would bum, because it is not a complete switch,
a complete circuit There’s not enough flow of electricity going through
them.

Student - ID# 16LP4M
School - Lab School
Subject - Physics
Date - 2*22-89
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Ouestion #1
(S)- Yes, because there is force coming from all directions and I guess he is
exerting a force on the car whether it is moving or not.
(R)- How would you define force?
(S)- Gravitation force and he is putting a force on there by pushing on it even
though the car is so big that he can’t move it - he is putting a force on it
even though he is so small.
(R)- If he was pulling on the car, would he still be putting a force on it?
(S)- I would say he would be if he was pulling a white box he would be
putting a force on it and it would move.
(R)- If he was pulling on an object that couldn’t move, would that be a force?
(S)- I guess it would be even though it would be so small. I think it would
have to be a force.
Ouestion #11

(S)-

Each one of the materials is different so their temperatures would be
different. I don’t think they would be the same. I just think that each
material has different characteristics and they would get colder but I
would be guessing to say which one would be colder because I wouldn’t
know. The metal would be cooler because it seems like when you use
wood on your house and a drastic temperature changes the wood doesn’t
change as much. I would say metal would be the coolest and the wood
be about the same.

Ouestion #21

(S)(R)(S)-

I’d say that it is all the way through except for the part that is on that
man. There is light through all four sections.
How far can light travel?
I guess there would be a limit depending on how powerful the light is. I
don’t think there is a limit until it hits an object.

Ouestion #31

(S)-

I don’t think any of them would glow. It seems like there would be a
short in the wires. It would need to connect to have all the lights work.
If the switch was closed, the current would travel through the wires and
the lights would work. The current would go both ways then.

Student - ID# 17DP3M
School - Denham Springs High School
Subject - r h y S i C S
Date • 2-20-89
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Ouestion #1
(S)(R)(S)(R)(S)(R)(S)(R)(S)(R)(S)-

I think he is.
Why do you think that?
The guy is doing work. He is pushing off on the car. He is applying
force, too. The car is not moving, but he is doing work.
What would your definition of a force be?
I know what force is, but I really can’t explain it
Could you give me another example?
Pushing on a wall, too, is the same thing.
If you were pushing on that cart there, and it was moving, would that still
be a force?
Yes, it would be a force. Pushing the desk or pushing on a wall, you are
exerting a force.
What if 1 pulled on it, would that be a force?
No, that would not be a force if you are pulling on it Pushing on it, you
would be exerting work onto it

Ouestion 11

(S)-

The metal would be colder than the wooden board because it is a
conductor of heat. It would freeze. It would be a lot colder than the
wooden board. The piece of wool cloth - I’m not sure about that. I really
don’t know. I know the metal would be colder than the wooden board. It
would be colder than the wool cloth, too. But between the wooden board
and the wool cloth - 1 don’t really know for sure.
(R)- If the temperature inside the freezer is 10 below, what would the
temperature of the metal be?
(S)- I believe it would be colder.
(R)- So it might be 15 below?
(S)- Yeah.
(R)- What about the board?
(Sj- The board would be a little warmer than 10 below.
(R)- And the wood cloth?
(S)- I believe it would be a little warmer. I’m not sure.
Ouestion 21
(S)-

One and two would. If it was on dim, it would be facing down at a low
angle.
(R)- It says the man can see the headlights are on. Because the lights are on
dim, no light would be getting out?
(S> Yeah.
(R)- Where, in your opinion, would the light go?
(S)- 1 believe it would hit here in section three.
(R)- And it would just stop?
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(S)-

Yeah.

Ouestion 31
(S)-

The bulbs would not burn because the circuit is broken. It is not
complete between the positive and negative.

Student • ID# 19SS4F
School - Scotlandville Magnet
Subject • Physical Science
Date - 2/15/91

Ouestion #1
(S) (R) (S) (R)(S)(R) (S) (R) -

Yes.
Why do you think so?
Well, he’s pushing and there has to be a force whenever you push.
Ok.
So —
How would you define "force?"
Ah, any push or pull on an object.
Alright.

Ouestion #11
(S) -

Well the metal would be colder because usually metal gets colder faster
than the wood or the wool. And then 1 guess the wool would be next
’cause it’s sorta a metal. And then the wood.
(R) - O.k. How cold do you, how cold would these things be? How cold
would the metal be compared to this temperature? Would it be colder
than 10 below or —
(S) - Well, it would be colder.
(R) - O.k. Would any of, would all of them be colder than 10 below or would
some of them maybe be the same?
(S) - The board would be the same and the wool and the metal would be a little
bit colder.
Ouestion #21
(S) - Um. 1 guess it’d be, like, what the car can see the lights or the man?
(R) - The man can see the lights.
(S) - Yeah. So 1 guess the lights would stretch to about him. About where the
man’s standing.
(R) - Would there be any —
(S) - ’cause he can see it.
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(R) - —would there be any light past him?
(S) - Yeah, there would be a little bit past him.
(R) - Would it go all the way to Section 4? Or
howfar woulditgo?
(S) - I don’t know. It wouldn’t go like a light, but it’d goalmost to Section 4.
(R) - O.k. So it’d be some place out there it would stop.
(S) - Yeah.
(R) - Wouldn’t go on forever?
(S) - No.
O uestion #31

(S) - None of them will.
(R) - Why?
(S) - ’Cause you have to have a circular —well, you have to have all the wires
or whatever connected to make all of them glow. None of them will
’cause you don’t have a complete circle light.
(R) - Then you’re saying you have to have a complete circle (S) - Yeah or whatever —
(R) - —from where to where?
(S) - From the battery to all of them in order to have energy pass through, pass
through it to make the lights glow.
(R) - O.k. So, if the energy comes out of this wire and goes all the way, what
does it have to do?
(S) - It has to go around back to this way and make all of them work.
(R) - O.k. So if the wire, ah, the energy comes out of the battery and goes to
Bulb 4, then has to be able to go through all bulbs and get back to the
battery.
(S)- Right.
(R) - What if it goes the other way?
(S) - It would be the same way (unclear)
(R) - So —
(S) - All of them connected in order for them to glow. Or light up.
Student - ID# 20LP7F
School - Lab School
Subject - Physics
Date • 2-22-89

Ouestion #1
(S)(R)(S)(R)(S)-

Yes, I believe he is exerting a force on the car.
What is your definition of force?
Pressure applied on an object with the intention of making it move.
If he was pulling on the car, would that be force?
Yes.
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Ouestion #11
(S)-

AU three of them would be the same temperature because the objects in
the freezer would absorb the temperature until they are all the same.
They can’t be any colder than the temperature inside the freezer. As long
as the temperature remains 10 degrees, the objects would be 10 degrees.

Ouestion #21
(S)-

AU four sections contain light because the light travels more than 400
yards. There is no limit to how far light goes. It may not go on forever,
but it is a long way.

Ouestion #31
(S)- No because the circuit is not complete. There is a break in the wire and
the current can’t complete. The current leaves here and comes back here,
but it can’t because it is broken.
Student • ID# 20SS3M
School - Scotlandville Magnet
Subject - Physical Science
Date - 2/11/91

Ouestion #1
(S) - Yes, he is exerting a force on the car at the same time the car is exerting
a force on him because Newton’s Third Law of Motion states that for
every action there is an equal amount of reaction. But he isn’t exerting
enough force on it to make a movement because the force that the car, the
mass in the force of the car is greater than his so it won’t move.
(R) - What would your definition of a "force" be? How would you describe a
force?
(S) - A push or pull, that’s how 1 would describe it
(R) - Alright.
Ouestion #11
(S) -

I think the metal would be the colder and the wool cloth would be the
next coldest, and then the wood would be the less coldest
(R) - Why?
(S) - Well for one thing, metal conducts heat and cold; and the wool —wool
keeps heat in, but it can also keep the cold in. And the, so that just
leaves ...(unclear) the wood.
Ouestion #21
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(S) - Well, if he could see it, obviously, if he could seeit, thensection 3
should contain it If he can see the light then I thinksections two and
three would contain it
(R) - O.k. What about section one?
(S) - Well, section one is - that’s the source of it
(R) - O.k. So section one, two, and three.
(S) - One, two, and three.
(R) - Would the light go any further than section three?
(S) - If, well. I’m not sure. It depends upon the range.
(R) - O.k. How far can light travel?
(S) - Oh, it can go on, it goes on forever. The —like if someone in Japan
shines a flashlight and the way it travels, you just stood right at die foot
where it would come, I don’t think you could see it
(R) - Um.
(S) - Even if it’s dark, I don’t think all of a sudden a flash of light would just
come.
(R) - Yeah. But would the light be there?
(S) - It would be there, yeah.
(R) - O.k. So there’d be —there would be light —
(S) - There is light going through there but I don’t think it uh, in one section
you would see it.
(R) - See i t O k. Alright
Ouestion #31
(S) (R)(S) (R) (S) -

None of them.
Why?
If it’s open, it’s not a complete path for the electricity to flow.
What do you mean "complete path?"
Well, a circuit has to flow from negative to positive. And it wouldn’t get
there.
(R) - O.k. So, none of them would do it?
(S) - None of them.
Qucstion_^32
(S) -

None of them. Ah, the switch breaks the circuit that’s open
It wouldn’t light up. The path isn’t complete.

(unclear)

Ouestion #33
(S) - They would still be on.
(R>- Why?
(S) - Well, if this was the negative side, the current would flow all the way
around regardless. It would go from, it would go through here also.
Because in parallel circuit, if it flows through one it wouldn’t necessarily
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have to flow through the other. That’s the difference between series and
parallel. In series, if it flows in certain instances, it has to flow through
one in order to get to the other. So I think if this one just blew out, they
would all light up.
(R) - So you’re saying that the current could still flow through bulb A even
though bulb C -(S) - Yeah.
(R) - —has burned out. And also B, D, and E.
(S) - Yes sir.
(R) - Alright.
Ouestion #35
(S) -

(R) (S) (R) (S) (R) (S) (R) (S) (R) (S) (R) (S) (R) -

If this was the negative side of the battery,itwould move like this.But
if this was the negative side, it would movelike that.There would be a
current through this wire. It has to be in order to complete it SoI think
it would, this one best describes it.Because I think this one and not this
one because I just learned that there was a factor of voltage in and voltage
out and that amount of voltage, I just learned this yesterday so I could be
wrong, the amount of voltage that goes out, once it’s used up, while you,
ahm, like the light bulb, so it would be different from what the voltage
out would be.
O.k. So you’re saying that the voltage going in would be greater than the
voltage coming out?
Yeah.
So, you’re using up some of the current?
Yeah.
Alright.
Well, not the current. The current would be constant; it’s just that —
(unclear)
O.k. That’s what the question is
asking you about the current
Awh. The current?
Yeah.
The current would be constant The rate in which it flows would be
constant.
O.k. So which drawing do you think would —
Then number four.
Number four. Alright. O.k.

Ouestion #38
(S) -

If the solution is an electrolyte, it would be ’cause an electrolyte has many
ions and it would conduct like. O k. First you need a junction of two
dissimilar plates. Then you need a solution like salt water. And if you
had, ah, let's say, copper and iron as your plates, and salt water, the
positive ions of the sc^um would migrate from one plate, and the
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(R) (S) (R) (S) -

negative ions of the, ahm,....(unclear) would go to the other plate. And
it would conduct, if it was an electrolyte. But if it wasn’t, it wouldn’t.
O.k. So there, if this wasn’t an electrolyte, even though there’s a current
here, it still wouldn’t conduct?
It wouldn’t conduct.
O.k. If it did conduct, where would the current be in the liquid? Would
it be all over or just between the two metal rods or where?
I guess it would be all over because it would flow through the conductors
as electrons and flow through the solution as ions.

Ouestion #39
(S) (R) (Sj (R) (S) -

I don’t think so.
Why not?
I don’t think aluminum will magnetize it.
Do you know what does?
Well, iron will, ah, be lifted by the magnet. I think. I’m not sure, copper
would. I think it would, but I don’t know. But I don’t think, ahm, that
aluminum would be magnetized.

Ouestion #40
(S) (R)(S) (R)(S) (R) (S) (R) (S) -

Nah, I don’t think. I’ve never seen gold being magnetized before. So I’d
say no.
O.k. A h So iron but never —
Gold.
Never gold.
And you think maybe copper will; but, you’re not sure.
I’m not sure about copper.
Are there any other metals that might be, that you know of?
No, but, iron is the only sure one, I think.
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Teacher: Mr. C
School: Tara
Class: Physics
(R):
Mr. C:

(R):
Mr. C:

Did you use the test results in anyway?
Yes, I did. After the test, I had an experunent where we gave the
student a chance to get hands-on experience in the area of light
where they needed to think about the concepts involved, see the
result of our experiment that demonstrated concept and then
answer questions abut it. Also, we had a few, a few discussions in
class. I didn’t go down through the text book verbatim, I think,
next time I’ll make a list of areas where they’re weak and focus on
those. I really just didn’t have time to and didn’t know what to
expect. With this particular test, but I do plan to give it again and
I do plan to make a list of where they’re having a problem and
deal with that. The areas that I felt were important enough to
include in my priorities, I went ahead and covered and put on the
final test. And I’m gonna tally it out and see how it comes out.
Prior to, prior to this semester of being involved with this instrument,
were you aware of misconceptions?
Yes, because of, you see, when you grade papers, and grade tests,
you see that they misunderstand certain ideas. You don’t, you
know, since it’s my first experience and had a formal look at it, we
don’t know all the misconceptions to expect and I don’t know.

(R)/Mr. C: (Speak simultaneously -can’t understand)
Mr. C:

But the more misconceptions we know about, then the more that
we can guard against misleading the student or allowing the
student to proceed through the class without having discovered that
they do not understand a certain thing. You know a test is not
perfect Another thing, that you give them is not perfect. Really,
tests need to always ask a student why. And that’s a super
important question to fmd out if they really understand. ’Cause
when it comes to a multiple choice or putting down some
explanation they’ve studied in their book, then they’ve memorized
iL And we as teachers, I guess, have the responsibility to focus on
WAV
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whether they can think at different levels and that will help as to
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know whether or not they really understand it and what to do.
(R):

Well, you sorta sure answered this question or alluded to it anyway. Do
you see any benefit of this test in instruction and how would you use it if
you do see it?

Mr. C:

(R):

Mr. C:
(R):

Mr. C:

(R):

Well, the benefit to me is the frequent targeting the areas that we
can watch out for and our objectives we can relate each test
question to an specific objective or concept in physics. And
knowing ahead of time that a lot of students have problems with a
certain objective, well, then a lot of us can spend more time on it
or do it different
How many students in your class, or what percentage of yoiu" class would
have to have a misconception in order for you to actually think it to be
worth the time or effort to spend on it —on that concept? In other words,
if you tested your class and ninety percent of them understood the
concept, would that —
In the pretest?

Yes. Or if you posttested and you found that ninety percent of them
understood the concept, would you feel that was successful or would
eighty percent I don’t really have a posttesting —that much a great a background
on posttest. I know you’re supposed to see improvement. If you
feel the conditions are normal and you don’t see an improvement,
then 1 feel there has to be re-teaching and re-testing. If you give a
pretest, and most of the students know the concepts already, then I
still believe you need to give them some working area and exercise
in that area to validate the fact that they do know it because just
answering a few test questions and giving a reason why may not
totally prove they knowledgeably wrote that That is not totally
proof. It could save us some time when we believe they
understand it already and we can maybe pass through that area
with more confidence and put more confidence in them —grade
and test grade that we do give the student Therefore, it would cut
down any multiple reviews or going over something a student
already knows or making it boring to the student Maybe even
disorientate the student Which can happen.
Um hum. If you’re gonna use an instrument like this, would you use it to
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find out, to get, say a gen —a feel, a general feel for what the students
and the class as a whole understood or would you use it more on an
individual basis?
Mr. C;

(R):

What do you think the best way - and what’s the best way to get teachers
to use or develop new teaching strategies? To make them aware, for
example, to make teachers aware that misconceptions are problems, or
that there’s some new demonstration or technique that you can use and
you want to make teachers aware that —what do you feel would be the
best way?

Mr. C:
(R):

Well
to get the message out?

Mr. C:
(R);
Mr. C:
(R):

Mr. C:

(R):

I believe I would use it both ways. Because it’s important both
ways. Classes are to some degree and you can compare classes.
And the teacher has some feel for the job they know they did for
that particular class. So teachers constantly, in my position. I’m
always evaluating myself, so I want to know how well I did. And
so I wouldn’t use it to compare classes but I would use it
(unclear) individuals because you do compare individuals and
would grade them and evaluate them. It’s another tool available in
that respect.

You mean the vehicle?
Yeah
Magazine or publication?
Well, publications, workshops, classes —research is done as published in
some journal. But most classroom teachers I’ve eve talked to seldom read
them.
I would say workshops are probably the best way because that way
the teacher can ask questions and see what’s going one and see
what’s happened to other people. And making the test available to
the teacher where they can do a posttesting and pretest Because
we just don’t have that many things available and our time is
limited. We’d like to have it available.
Do you ever attend any workshops in physics?
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Mr. C:

(R):
Mr. C:

(R):
Mr. C:

I do but most of them are directed toward things —for instance,
experiments, etc. I’m interested in them. I’ll take it back. I did
have a class in physics in the summer about two years ago where
we all took what we called advance placement physics. But in that
class we took a look at ourselves and each other and physics in
general. And it was very helpful, we had private
discussions....(faded, unclear) All of it was needed - something
that was very fitting.
When are most of the workshops generally offered around here? Like
after school or on the week end? Do they ever have any in the summers?
I think it’s a variety and the time period. I’ve done teaching
they’ve been all times of the day, all days of the week. All times
of the year. So you know

If they have any during the school day, do they give you releasee time?
They would, certainly.

Teacher: Mr. J
School: Scotlandville Magnet
Class: Physics
Researcher(R):

I have a few questions specifically and then whatever pops
up in the conversation that sounds like it might be
interesting we’ll just talk about it —not just limited to what
I have here. Do you use diagnostic testing prior to teaching
as part of plarming your instruction?

Mr. J: No, not really.
(R):

Why, why do you not?

Mr. J: The time factor mostly. And besides, I know pretty much where to start
around here now. And, if they have trouble with it, I do review some
basic principles from year to year. And if I find that a whole bunch of
kids are having a whole bunch of different problems. I’m not sure how I’d
know how to use it any way, due to the time factor. ! generally tend to
uncover problems as I go along anyway. And try t o
(noise in
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background drowned this out). This particular year, too. I’ve found out
more than anything, that there are certain things that we need to go over
just in areas of general science; like 1 go back and do an experiment and
take data and report it on a card. How to summarize it and calculations,
and also how to plan an experiment. So 1 intend to hit that pretty hard at
the beginning of next year and I think those are the main things that to
me to succeed in a course of development
(R):

So you more or less base next —the following year’s instructions based
on the problems you’ve encountered the previous year. Is that —

Mr. J: Yeah. 1 find ....(both are talking simultaneously) something every year to
teach. This is my tenth year. 1 guess 1 leam something in the next ten or
fifteen years (R):

Did you use the misconceptions test? Did you use the test results in any
way?

Mr. J: I didn’t total all the results up. I did spot check some questions and 1
wasn’t too surprised at a lot of the stuff that was uncovered. In fact,
when 1 took the test myself, 1 could see what they would have difficulties
with. So, I think you had it in mind also. But, I didn’t spot check the
questions on the test. You know, and
(unclear) also, 1 spot
checked some of the individual tests just to see how they were doing and
1 wasn’t too surprised at what 1 saw and like 1 said, when 1 took the test
generally 1 could see questions that 1 knew they’d have trouble with. I’ve
taken some of these courses before ~ the development thinking —use the
long
(unclear) lines. And all kind of details you could work with, too.
(unclear) The ones that are abstract thinkers, they tend to not have
these misconceptions or if they do, they tend to discard them a lot easier.
They tend to accept new ways of doing things.
(R)z

So —

Mr. J: So it doesn’t take me long —usually maybe two or three weeks to get to
know the kids and start finding out whose gonna have trouble along those
lines.
(R):

Yeah. So, you think that most of the problems —probably because of
their developmental level.

Mr. J: I think so. Developmental —because they all develop at different rates.
They’ve not developed formal thinking yet. Some of them have, are
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already into adult type thinking. That’s what makes it hard to teach these
special kind —instead of regular classes; you have —you get such a
diversity of thinking styles that tend to be a little m ore
(unclear)
classes.
(R):

You, then you look at the test materials —the questions they ask -- that
was asked on the test —and then from your prior experience, you sorta
generalize as to what the problems -- what misconceptions might be
prevalent in the class? So that sorta what you’re saying?

Mr. J; Yeah. I think one thing I actually did this year as a result of —I looked
at some of this stuff —I think I’ll try to bring a few demonstrations. I
can’t remember anything specific right offhand. I tried to read some
actual demonstrations or at least go through some exercise of logic —of
everyday experiences -- things wouldn’t work that way. And it may
(unclear) six months....uncomfortable —a logical point. I don’t think
they learned any better
(unclear) made it more conscious
about (unclear)
(R):

How you, how you go about doing the demonstration? Did you just
present a demonstration or did you ask them a question to get them to
think about it first or so what was your —?

Mr. J:

(unclear) asking questions. I remember early in the year, they talked
about the concept of the center of gravity which wasn’t directly addressed
in the textbook and some other things they had some weird ideas about it.
And I’ve got this little disk and you can’t tell if there’s a washer
connected onto it, off-centered. And they all said if I put my finger right
on the middle of those disks - I kept trying to do it and acted like I was
having trouble and it kept falling off my finger —and they were laughing
at me. I said let me try it the other way. I put it right under the true
center of gravity - it looked kinda weird sitting on my hand - off
centered —balanced perfectly. That kinda woke some of them up and
maybe some of the other things I do.

(R):

That sounds like a discrepitant event type activity. Is that —

Mr. J: There’s other cases where I might ask a hypothetical question about how
they think something will work and when they tell me and I know it’s
wrong, I just try to deadpan —I try to carry the thought of logic a step
further and till they can see for themselves where it’s going and I drop
back and start over aeain.
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(R):

So you’re us —that sounds like you’re using argumentation and discussion
to think through a ~

Mr. J: You’ve got to be thought ~ cross-examine —do that kind o f ......
(unclear)
(R): O.k. Do you see any benefit of this test to instruction?
Mr. J: I think —the thing that helped me —was it helped me realize I wasn’t the
only one having these problems and that’s a major thing with teachers
more than you think.
(R): You mean problems with the kid’s understanding or —
Mr. J: Well, 1 think sometimes individual teachers get frustrated with some silly
problems and they think it’s something they’re doing wrong. And that’s a
hard part of the job and when you realize it’s natural to have these
misconceptions and address it that way, I think it makes you a little bit
more confident nd also 1 think, to me, it helped clarify for me some of the
difficulties that they had. 1 knew they were having problems in certain
concepts and once they saw me get excited and on edge to see what
exactly what they were gonna do, instead of knowing that they didn’t
have die right idea, also, 1 knew the wrong idea, it helping with the fact a
little bit " like I didn’t realize that they thought maybe light just kinda
came from the sun - step from under the tree and light was just there —
you see I didn’t realize that sorta stuff was inside their heads.
(R):

Yeah. Yeah. Would you use a test like this and if you would, how
would you use it and if you wouldn’t, why wouldn’t you use it?

Mr. J: I think there’s value in giving a test like that You know, to get the kids
to thinking also, and to, I think, it ought to be pretty good in giving
preview of the course and it might get them to thinldng along certain
lines. Anytime you get one of them to start working it helps. I think
that’s of value also. When you can follow the results and I think after a
while, the results will be statistical. I think it doesn’t really matter with
statistics but a certain portion, usually a minority, think their way through
a lot 0 this stuff. Also, they may have had this in their course of physical
science. Others of them, your transitional students, you might get
(unclear) half of them right and half wrong, because everything a little
bit fuzzy but on the whole
(unclear) six out of eight.... (unclear).
(R):

Well, I don’t know if the numbers —
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Mr. J: If the numbers become predictable after a while, but it will make you
aware that you’ve got these problems.
(R): Well, do you think that if, say, a teacher used a test like this, that after a
while they would sorta generalize to the classes and eventually quit it but,
you know, after they’re consciously aware that say, students generally
think about electricity this way, that then now we just, ha —
Mr. J: Right I never saw the value of just giving it year after year, to give each
new group of students a chance to look and think about some of these
things. I know the bottom line is to, so you can also individualize
instruction, and I don’t think anybody is going to seriously do that
because that wouldn’t fit the kids.
(R): No.
Mr. J: Now, something else, if you’ve got the small class of physics or
something like that - you got to have twelve and want to work with
people individually. TTiat’s fine. In that kind of situation
(unclear)
(R):

Yeah. How do you think or what do you think is the best way to get
teachers to use or develop new teaching strategies to overcome problems
like misconceptions?

Mr. J: Well, they need to be made aware of the problems first There’s probably
more teachers out there than you realize who change a little bit —and get
out of the textbook if you just ~ if you just find out where the problem is
and readjust the strategies a lot of them are valuable that way. I’m sure
things also have -- a large proportion of them who are gonna teach the
way they’ve always taught regardless of what these tests say; but, I think
you just have to try to reach as many individual teachers as possible.
(R); What do you think would be the best way to reach them? You know, you
got like at university level where they’re doing research, and publishing
journals. You’ve got science education seminars and you’ve got
workshops and you know, other things that you could do. What do you
think would be most beneficial or —
Mr. J; First thing I guess you’d have to try to do is incorporate this into an
existing course or maybe you could develop a new course around it If
you’ve got to have material ’cause most teachers go back to school to
work on their masters. I suppose going to workshops, you could try to
sponsor a workshop and you might get few interested people. But that’s
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kinda "iffy."
(R):

So you think —

Mr. J: I think through a university course -(R):

So you think a university course designed around altering
misconceptions —but with problem-solving, you’re talking about altering
problem-solving with whatever would be the best way to —

Mr. J: I see nothing wrong with putting this into an undergraduate methods
course as much as people gripe about the right kind of content in methods
courses. This would be something that you would look for because, I
mean, you follow one of the sacrad principles that you have to start where
the student is. You’ve got to find out a little bit of what’s going on inside
the brain to get started. You need to make these young teachers aware of
that. They are the ones most adaptable, too. They’re not the ones out
here doing the same for ten, twelve, fifteen years and they don’t want to
change ’cause they’re comfortable with it That happens to anybody in
any job. They get to doing things a certain way - they don’t want to
change. So you start working on the newer teachers who’s coming out.
(R):

So you’re saying that probably the university course work would be better
for those newer teachers —beginning teachers —

Mr. J: And the graduate level, too - that’s probably where you will reach the
greatest number. I think if you
(unclear) out in workshops —or early
in the afternoon , you’re not gonna want to turn on the radio about it....
(unclear)
(R):

So you think the problem with workshops would be the best time and
except the time factor.

Mr. J: Yeah. Talk to parish and get people out of school for a day for this....
(unclear). That might b e
(unclear)
(R):

Yeah. So you’re against workshops if it has to be done after hours —
with no financial reward.

Mr. J; Yeah. I know right now I couldn’t make it I’ve just got too many other
things. And, I’ve made a lot of previous engagements to do so. And —
And also. I’ve had the benefit of working with you collectively on this.
(unclear) yet out of the courses. I’ve had a little bit of experience
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with him.
Teacher: Mrs. H
School: Lab School
Class: Physics
(R):

What about the physics?

Mrs. H:

(R):

You had them come to a group conclusion - final conclusion?

Mrs. H:

(R):

Yeah. 1 tried to - I tried to put them in groups. I tried to put
people in groups who had different ideas - so they could look at
their individual ideas and group them and make sure 1 had one
person in each group who disagreed with the other two had each
group have a discussion and they would convince whoever was
right that they were wrong, particularly the bigger student who had
the right answer. Then that person would look more easily
(unclear).

So whoever had the greater arguminitive skills usually......

Mrs. H:
(R):

Well, with the physics I tried using - 1 used your prediction sheets.
And I’ve given those asking them - first I did them individually,
then put them in groups and have them collect the consensus. And
then have them also trying to give them some problems to work
had having them to try and predict what the right answer will be
just by looking at the problem. And — 1 think I used -1 think 1
called out and used eight of your items and 1 didn’t do anything
else. 1 didn’t do anything else. But those were nice drills because
they were getting - they got into some nice real
discussions....shared ideas because each of them had their ideas
about what was going to happen, and why. And so they gave us
some real good discussions regarding .(unclear)

Usually won out

won out.

Mrs. H:

Yeah. Right That’s what worked more so than the one that was
actually right

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

314
(R):

You said that you didn’t use it much after, or didn’t use it any after that.
Why? Why didn’t you?

Mrs. H:

(R):

So you really didn’t use the information on the test and you didn’t look at
how they answered the questions to give you any direction?

Mrs. H:

(R):

On your (unclear) On your (unclear) No, I didn’t They seemed
to have the idea that (unclear) they seem to have current
_________ and________ that kind of thing. They seemed to
have_______ could grasp. What they had problem with was the
drop (unclear) They seemed to have less problem in.

You’re saying they had a good understanding after instruction or during
instruction?

Mrs. H:

(R):

Well, what I did was, I did different kinds of things.For example,
with the light I don’t know if I told you this or not What I did
before we started, even with the light I did two different things.
I had them go outside and look at all the different images.... and I
gave them a questionnaire when they came back in. An
observation type thing - what they observed - why th e _____
were round, why they thought they
different kinds and then
one thing I had them to do was to roll paper with a
situation .(unclearl land or plant and population... let them
explain light to me. We did tiiis before we studied tight so they
learned this before instruction began. We had already used
something.... This was good because that it turned out real good, I
think because they had to stop and think about why these so first
of all impossibly do iL...set of questions did you use to describe
or observe anything .(this part verv unclear) So what I came up
with was virtually two pages trying to explain why the why the
color the function I really didn’t talk about electricity. I was
kinda running out of time. So I really didn’t do any creative thing
with electricity which is kinda had only three and one-half
weeks to spend on it....

Yeah. They had pre-conceived ideas. But they were very
confused about how it happened when the current went through
resistors. That seemed to be a major difficulty in that
understanding the drop in particular.

Do you see any benefit to this test - or there being benefit to instruction?
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Mrs. H:

(R):

So you’re thinking of using mainly in the research.

Mrs. H:
(R):

I like to use it - 1 think it was all very interesting to see whether or
not it would have an impact on their performing - 1 guess the only
way to grade it - that’s how to judge it - 1 guess just to se whether
or not in the end - they did better on the test. Maybe to see the
teacher test - that would give indication - a stick to measure about
how to really measure it whether it makes a difference (unclear)

Of course, the misconception test only has a limited number of items on it
right now. Of course you could add more.

Mrs. H:
(R):

Yeah

mode

Mrs. H:

(R):

Oh yeah. I think so for sure. That’s what I plan to do next year is
to work up a set of activities - specific activities and do it like we
sort of intended to this year but we never really totally did it
Definitely a pre-activity - how to make a prediction or take a
stand... and do activity before we start the instruction and then
see - 1 talked with Doctor Strawitz and she’d like to do some
really controlled experimentations and so I might I may set it up at least I will talk with her - so I may set up some kind formal
thing with one class that’s - the creativity in particular addressing
misconceptions and then seeing whether or not it make a difference
in the________ control this creativity and I can do it since I have
two classes I think I can do it with dividing it up into
semesters...one more semester. I’m not exactly sure....I intend to
do something formally with it And just see whether or not doing
pre-testing and the activity really will help their understanding in
the instruction.

Yes.

It wouldn’t have to be just those. But what she’s probably gonna want
you to do is pretest witii it and then posttest after it and then the way it’s
set up you could just do the misconceptions....of course you could do the
whole thing at the beginning of the year and then posttest each....

Mrs. H:

(unclear) or divide into semesters (unclear) In particular if you
can get the kids to think...before you start a lesson then I think I
my prediction is - that will make a difference. To actually get
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them to think about it - the different possibilities, different reasons
why something happens.
Mrs. H:

Well, I think what teachers, in order to change their teaching
strategy, they first of all need to believe that they do need to
change, that they’re not doing the best job that they can. And then
another this is and perhaps 1 need to talk about this, teachers like
to have a plan laid out for them. And they take this set of
activities and try it Other people have tried it and it’s worked, it
seems to make a difference and give them a set of activities
because their problem is that they need to develop materials in
their early - the average classroom teacher is just not gonna do
that. They’re either gonna let the child decide how to go about it
or they don’t think it’s important. But if you can get them actually give them a set of something and put in their hands and
say take this and at least try it It seems to improve students’
understanding. And it’s clear cut and (unclear) yeah, they’re
gonna, yeah, I think they will. I think most teachers are looking
for better ways to get ideas across to kinds.

Teacher: Mr. F
School: Lab School
Class: Physical Science
(R):

Did you use the test results off this misconception test in any way?

Mr. F: Yeah, I used it to plan basically what kind of misconceptions most of the
kids had and see where their misconceptions were and from there to make
sure that whenever I taught content material, or designed the activities that
went into it, that I would design things that would meet the needs of those
kids, just to prove to them that their basic background experiences were
not correct
(R):

Can you give me an example?

Mr. F: The basic —one of the simplest examples is electricity. I mean, if you
get them to draw a circuit —I’d say eighty percent of them draw a circuit
where a wire goes from one part of the battery to another. That’s fine.
They do that up front. But they take that bulb and stick it in the middle
of a wire and only attach it to one place. And can’t get the light to light
And in that way, you simply plan an activity where you give them a bulb
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and say "Does it really work?" And then when they find out it doesn’t
work then you can go back and say, "O k., you know, how does it work?
How can you get it to work?" Most of them cannot get it to work. They
can’t get to light So you explain the circuit aspect and then you explain
the connecting points of a bulb. Then you say, o.k. you solve that
problem. O k. Now, once you’ve done that see if you can switch it
around, somehow. Or, magnets - you can saddle concepts of magnets
and you can get them to agree with you that magnets attracts metal.
Magnets attract shiny objects. Well, you know,magnets won’t —you just
design an activity where basically they go through there and test an object
of those. You can get a very sniall magnet and wind up for a test And it
won’t stick. Magnets will stick to that blackboard out there. Because,
and it’s not shiny. And they have to figure out why. I mean that
astounds them. Once you move off a set and start moving them around
the room, you know, they start saying "well, wait a minute, something’s
here that’s magnetic."
(R):

Allows them to —

Mr. F: I mean, you know, those kind of things -- it’s great for designing
activities that disprove their common misconceptions. That’s the best use
for it.
(R):

So you did find, you found the test, the information on the test was
useful?

Mr. F: Oh, definitely.
(R):

O.k. I did my methods on people —elementary. I made them do lessons
on magnetism. Because most of them didn’t know what a magnetic —
what magnets attract. They knew they attracted metals —but a lot of
them knew that aluminum wasn’t one of the metals.

Mr. F: Um hum
(R):

They weren’t sure about old cans sometimes.

Mr. F: What about copper?
(R):
Mr. F ;

They weren’t sure about copper.
(unclear)
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(R):

They --

Mr. F: You come back and give it over here. You get a sheet of copper and get
a copper wire and some other pieces of copper —the stuff you use for a
gutter - And they test it. And on the test you come back and ask the
question "Will a magnet attract a pan?" And they say "Sure, it’s a metal."
Then you just disproved it over here.
(R):

Yeah.

Mr. F: You’ve got them by the throat now. Because you can say, hey, this is
(unclear) see this? If we re gonna do these activities, you’ve got to
prove in your mind and scrub out what you’ve got there. Quit using that
garbage you’ve been using. That’s why you’re here and being taught.
(R):

What I found interesting with those methods people is I had them design
lessons on magnetism. They wrote up lesson plans. Some of them even
taught lessons. You know, that’s good experience. And then you still
come back and ask them these questions and they still can’t tell you.

Mr. F: They go back to the experience - to their personal experience. Back to
the light.
(R):

I think what some of them do —they get a book and they go through
these little activities and they never think about what it means.

Mr. F: Well, the problem there is you better catch them before they start. Before
they come up with those misconceptions. Which is why you’re not
teaching science in elementary school - there the game may be already
over with by the time they get to high school; you know, course.
Environmental aspect in those kinds of cases —they may have heard so
much at home and so much on TV —they don’t have any idea -- you
know, to change their mind.
(R):

How do you think or what do you think is the best way to reach teachers
to get them to use or develop new strategies or methods to address
misconceptions?

Mr. F: Workshops. You can write all the books you want —you can give all the
presentations —NSTA you want I mean, you know, but if your talking
about reading it yet reaching the general public —the only way to do, is
through concentrated workshops, on specific topics. At least that’s what
the last five years he told me. I mean, I went to a workshop on
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Saturday —last Saturday -- there were twenty-six teachers in the room.
One of those people belonged to Louisiana Science Teachers Association.
None of them belonged to the National Science Teachers Association.
They don’t get the publications. They don’t read the publication. They
don’t know they exist. You know. They deal with what —with their
situation out there. The only way anybody ever touches them as far as
science education was through a Title II workshop. That’s the only way
they ever got it. They don’t read. What — All the publications in the
world would do those people absolutely no good. Now they could get it
through education. When they go back to get a degree. But - They
only stay in school for a small amount of time. They do not all take
science education courses and don’t get master’s in science education. So
unless they take a graduate’s science methods class, they’re not gonna get
a - they’re not gonna get any of this.
(R):

I’m not even sure graduate science methods class get some of those things
that are so theoretical.

Mr. F: Well, the question is, are you dealing with teachers who are teaching
kids —you know. Are you dealing with the background information on
libraries out there? Do you think the people in Tangipahoa Parish ever
read one? One book out of one? Who cares? Those people don’t They
don’t know —those libraries don’t exist near them. They never had a
discussion with anybody. If they’re, if one of two or one of one science
teacher in a building —who do they talk to? Talk to the P.E. teacher.
The Math teacher. They don’t talk about science education.
Mr. F: I think it’s a good idea. Doing the research is fine and everything. But it
goes back to my original comment If you take that test and publish it, I
don’t know whether a lot of the teachers would in the long run use it
Because of the time constraints. You get somebody that’s really
interested, that’s really doing a good job —yeah. But I think the only
way for people to work to do i t that’s what to do —would be to
workshop them with the idea - to - here’s what you have - and here’s a
common misconception and let’s work through it —the common
misconception. And I think the teachers need to know the common
misconception so they can know what to look for when they’re teaching
the kids. And not make - not re-enforce or make new misconceptions.
That’s the problem I have. Is —I make a statement and realize diat "I
wonder how they heard that" You know the way I made the statement, I
know is theoretically correct but the way they heard it —could be 180 in
the other direction. And they could be way off there.
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Teacher: Mrs. G
School: Denham Springs
Class: Physics
(R):

On this test, this conception test, did you use the test results in any way?

Mrs. G:

(R):

What, do you see any benefits of using a test like this, or this test? And
how would you use it if you did?

Mrs. G:

(R):

I have not yet. I’ll go on and tell you why, I might as well. The
time is an important factor with me. By the time you prepare for
your classes
and in the testing process, and actually teach the
class, it takes a great deal of preparation time outside of the
classroom anyway, a lot of time. And I just felt like I didn’t have
the time to devote to it; to sit down and analyze and look at it. I
hope to do that over the summer when I have time to do it But if
I don’t happen to do it during the school year, there is just no
available time to analyze the results and see all what’s in it.

My experience in using that test, as I spoke to you before, I would
like to use it as a "Approach Teaching" test to see if the
misconceptions are still there after the children have been taught to
evaluate my teaching to see what changes I could possibly make as
a result of how effectively I taught the material.

How, let me ask it this way. Why would you think that the post test
would be more beneficial to you than a pre-test post-test?

Mrs. G:

I think probably because I assume the misconceptions are there to
start with. They, they might, they might get the right answer to
the question but I think the most mistakes you’re gonna find, the
reasons for incorrect because they really don’t know the reason.
That goes back to what I said earlier. You know, the kids are by
virtue of the material that they are exposed to it and they know
what’s gonna happen in most cases but they don’t know the whys
of it And I feel like I would not use it as a pre-test because I feel
the misconceptions are there and a lot of times they know the
answer but the reasons are not correct 1 think after they have,
after they have been taught the material, then if the reasons are
still wrong then I’m failing as a teacher and 1 can tell that from
that test
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(R):

How would you, how do you think you would go about changing your
teaching: Or coming up with some different technique or strategy if, let’s
say for example, they did on a particular topic, they did maintain their
misconception?

Mrs. G:

(R):

So, you tend to find teaching strategies from other sources rather than
trying to develop something on your own?

Mrs. G:
(R):

(R);

There’s certain things, if they come to me, that’s fine. I use
them — But as far as sitting down and brainstorming about a
topic, I don’t generally do that. I would much rather use
somebody else’s idea. Do I take the lazy way out?

If it’s already there, it’s....

Mrs. G:

Why fret my brain over it? I certainly believe in using other
people’s materials.

Let me ask you this. How do you think we can get teachers to use or
develop new strategy? Or I guess - what I’m trying to say is, if there’s a
new way of teaching, or it may not be a new way, but a new way of
presenting an idea, how do you think, what do you think the best way to
get teachers to be made aware of this?

Mrs. G:
(R):

Oh, I think so. Yeah. I’m not that creative.

And, I would like to mention one other....

Mrs. G:

(R):

I guess I’d go into resources and look up demonstrations that cover
those areas. As it is, I do some demonstrations anyway as a result
of attending meetings. I’ve been to several NSF meetings where
demonstrations were shown to teachers. And I also went to the
American Association of Physics Teachers Annual Meeting in
Baton Rouge a year and a half or so ago. That is where I pick up
things to use for demonstrations.

Of new ideas?

Yeah. You have journals, people write articles and they put it in journals.
People give workshops.

mrs. u:

uui leacners oon i reao uiese journals, is uiai wnai you re saying.'
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(R):

Yeah. A lot of them don’t read the journals. I can see problems, like
with a written demonstration in that, in some cases, you might wonder,
well, in my demonstration, the way they’re presenting it on paper, or in
my understanding, they’re written presentations. Or, you know, are
workshops better? Or what do you think the best medium would be?

Mrs. G:

I think workshops can be excellent if they’re properly done for a
specific group of teachers. I think a lot of time the workshops
parish school is recommended by board members. We try to
involve everybody in the science department. And it become a
generic workshop at that time. And there is a minimum of what
you pick up from that workshop that you can take back and use in
your specific classroom because it wasn’t specific enough for your
need. I attended a workshop back in January of this year that I
thought was absolutely excellent It was wonderful. It was
sponsored by NASA
It was a tele-video concept. It was the
first one they set up. And the school board took - how many of us
- it must have been about four (4) -1 believe they took four (4)
physics teachers from the parish. And this at NASA’s request It
was not at the request of the school board. NASA asked us to
come back. They hold a conference for science teachers first.
Then they told us while we were there, about a specific one for
physics teachers and so they asked us to come back and so maybe
a total of twelve (12) teachers at the - showed up at (unclear)
Faculty in New Orleans and also to the Kennedy Facility down in
Florida. The speaker happened to be where I was. And he was
just great. He had one physics demonstration after another for
about two and one-half hours. And they gave us topics. TTiey
gave us video tapes of this conference after they went back and
took time to edit it, etc. And several of those demonstrations, I
plan to use next year. I did not do it this year - mainly because of
the time factor involved in preparing for it I feel like—I use my
summers all the time to prepare for the next year. And I prepare
demonstrations during the summer and fit them in the right places,
etc. to make sure the materials are acceptable - that sort of thing.
But 1 think the video is a good idea. I would not have gleaned as
much from that conference, I think had they not sent a copy of the
video. And so, we could see exactly — what was going on, you
know — And by the way, all four of these physics teachers that
were there were teachers same as we were sitting in the conference
center. The difference was I was watching it live and they were
watching it on film. But, it was live for them, still You know,
they were seeing it exactly what we were seeing. It was just
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excellent. And it’s probably the best workshop I’ve ever attended
and I’ve attended about 4 or five of them, I suppose.
(R):

So you, so you think, probably contents, specifically, workshops —

Mrs. G:
(R):

Yeah.

with video tapes of the demonstrations.

Mrs. G:
(R):

Excellent

So you can preview them and—

Mrs. G:
(R):

and review them.

review them.

Mrs. G;
(R):

Exactly. You don’t show these tapes to your kids though. That’s
not the point The point is for you to have that as a resource.

In the demonstrations, did he explain what was going on in the
demonstration in point?

Mrs. G;

Basically, he really didn’t have to. He showed us the mechanics
of it more than anything. We knew why— the things were taking
place for the most part. Now, if he felt like he was doing the
demonstration that we might not see through clearly, yes, he
explained it very effectively but for the most part it was just giving
us the ideas. And like I said, we knew the whys. Because we
were all physics teachers anyway. With a lot of physics
background.

Teacher: Mrs. S
School: Scotlandville Magnet
Class: Physical Science
(R):

Convenient, easier —that’s basically the same response that I’ve gotten
from everybody. It’s the time involved. Did you use the test results from
the test that I gave in any way?

Mrs. S:

Not really. I did look through i t It was an incentive to some of
the students because they thought that they were better students
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than the test indicated but with your explanation that it -- they
should not use that merely in terms of how well they could do or
how well they didn’t do, I did discuss it with them but any way in
terms of having an affect on their grades, I would not I indicated
to them that I thought it was a very well designed test and I like
that type testing because they can express themselves as to why
they thought an answer should be answered the way it could be
answered. But the students didn’t like it because it was so
involved and they didn’t care to tell why they chose the answer —
why they felt the answer was not the one it should have been. I
like it but it’s —it will be —time will be another factor as far as
the teacher is concerned in grading the papers. But 1 don’t mind
grading papers. I really enjoy doing i t 1 like to see how students
express themselves.
Mrs. S:

(R):

Yeah. Well, if 1 were doing it as a teacher, I wouldn’t give the whole
thing at one time anyway. I would break it down into —

Mrs. S:
(R);

Yeah, into sections.

Sections. I think you have answered this personally already, but I ’ll go
ahead and ask you anyway. Do you see any benefit of this test to
instruction?

Mrs. S:

(R):

Yeah. It’s a time factor. A very well designed test and I have no
qualms about it whatsoever but it’s just so time consuming, and
generally when students have to read a lot of things it’s sort of -it will turn them off.

Very much so. It will let the teacher know firom a standpoint
where the students are and if they are really comprehending the
way they should and it is testing not only to see what they know
but as in terms of skills like writing and reading. To see if they’re
interpreting those questions right and from a very good stand point
Yes.

Would you use it as a pretest mainly or if you were goiuia use it, or
would you use it mainly as a posttest?

Mrs. S:

I would use it as a pre and a post test But as I indicated the time
factor in grading it if you were to set it up where you could use a
Scantron, you would still have to use the part there where the
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students had to express themselves - as to why they would answer
the questions the way they did. But I would use it as both. To
what they know before instructions were given and then see how
much they retained or accomplished after the work has been
presented to them.
(R):

O.k. How do you think we could get teachers to use or develop new
teaching strategies to address, say, misconceptions or any type of
instructional - learning problem that might be available but in this
particular case --

Mrs. S:
(R):

(unclear) O k.

Mrs. S:
(R):

In-service workshops. That would be one way.

Another way provide pay, leave with pay, to attend these
workshops.

Alright.

Mrs. S:

That would be an incentive if you were to pay them while they
attended these workshops. You know, most teachers just don’t
seem to want to be involved because there’re so many things —so
much paper work to do. But if you could use workshops with pay
—workshops would be way of getting them involved in this type
of testing. And I don’t know if I’m responding to the question
you are asking but if you could eliminate the reading and put it on
the Scantron as you indicated that could be an incentive for
teachers to use it, too.
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